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PREFACE. 



The Author of the following Treatise was engaged for several 
years in the application of Electro-Metallurgy to the purposes of 
Manufacture. His operations were performed with solutions of all 
the metals, and upon objects of every size and form. They com- 
menced when the art was young, — when its practical applications 
were speculative, — its advantages and disadvantages equally uu- 
known ; when difficulties of all kinds, such as beset every new art, 
had to be met, and considered, and overcome. 

The course of his daily proceedings threw him into the way of 
observations, much more extensive and much more diversified, than 
could i)ossibly have occurred to any amateur of the art. Where 
large operations in an extensive business were concerned, it was 
necessary to attend to details that some would have considered 
trifling, and to overcome obstacles that others might have deemed 
insurmountable. Under the pressure of these circumstances, all 
means were employed to procure information. Innumerable electro- 
type processes were repeated as soon as they were published, and 
original experiments were made in a variety of forms, and frequently 
on an extensive scale, with a view to the removal of particular 
difficulties, or to find the means of accomplishing certain desirable 
ends. 

These proceedings and inquiries afforded numerous Results, not 
only useful in the Manufacture in which the Author was engaged, 
but interesting to the man of Science. And it is because of their 
general utility to all persons engaged in the multifarious processes 
into which the art of Electro-Metallurgy has ramified, that he has 
been induced to throw them into tYietorKio^\)ti'^l^<a^?oK^'^^^^^^ 



VI PREFACE. 

While, however, he can state, that what is collected here is 
derived from extensive personal experience, he by no means ventures 
to assume that the work is free from deficiencies. He has too 
frequently had to deplore the effects of his processes, and to point 
out the desirableness of others of greater certainty and economy. 

Neither can the Author presume that this work will be a standard 
on the subject to which it relates. Arts and Sciences, like King- 
doms and Nations, have their several periods of rise, prevalence, 
and decadence; and nothing can be more unstable than descriptions 
of an Art Kke Electro-Metallurgy— an Art that must fluctuate 
with the course of experimental discovery, that has rapidly attained 
a distinguished eminence, and that promises to extend its utility 
still farther over regions now unthought of. The superb specimens 
of its products, which were displayed to the admiration of the 
world, at the Great Exhibition of the Industry of all Na- 
tions, prove at once the immense importance of Electro-Metallurgy, 
and how much may yet be expected from one of the most ingenious 
of those modem applications of Science, which subject the powers 
of Nature to the use and pleasure of civilized Man. 

Glasgow, May, 1851. 



NOTE TO THE THIRD EDITION. 

The rapid sale of two Editions of the Manual of Electro-Metal- 
lurgy, has afforded great gratification to the Author, and he has 
embraced the present opportunity of revisal to include every ap- 
proved novelty, so as to bring the work down to the present state 
of knowledge on this most valuable Art. 

Glasgow, February^ 1857. 
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ELECTRO-METALLURGY. 



mSTOUY OF THE ART. 

In reviewing tlie rise and progress of any discovery in the arts and 
sciences, particularly of one eonuectcd with the application of 
diemistry to mannfactnring purposes, there are two circumstances 
'wliich almost itirnriably demand especial notice. The fiubt is, that 
the discovery has been the result of accidental observalion — a fact 
eliminated dnriiig investigations nndertakcQ For other purposes — 
rather thaa the result of a direct ciidearour to malie the discovery. 
The SECOND is, that, after the discovery has been made known, It 
is found that many previously published esperiments exhibited 
results which bore more or less directly upon the subsequent dis- 
covery, and which are consequently eomelimes cited to detract from 
the merit of the discoverer, and the originality and value of his 
discovery. The following historical sketch will show that tliese 
observations directly apply to the discovery of the art of Electro- 
Jletallurgy : — 

VDlta'B Dlncorery- — At tlie beffinning of the year 1800, Frofcssor 
Voi.TA invented the apparatus which has been named after him, the 
Voltriic Pile. As originally constructed by Volta, it consisted of an 
equal number of round pieces of zinc, silver, and pasteboard — the 
zinc and silver pieces being each about the size of a penny, and 
those of pasteboard a little smaller ; the pasteboard pieces were 
soaked in n solution of common salt, and then with the metals were 
piled iu the following manner ; — zinc, silver, pasteboard; zinc, silver, 
pasteboard; and so on, in the same order, tiU all the pieces, amount- 
ing to upwards of a hundred, were piled upon each other, the upper- 
Et plate being of silver, and, as already stated, the undermost of 
; these esterior plates, to each o! \(\vic\i «■ -wxtftNa ^v\aj^>i^ 
: 
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form the temunals or poles of the pDe. Figure 1 shows the 
stroctJOD of the VUt. ' 




C— SQTcr Plate. 

Z — Zinc Plate. 

W— Paateboenl beCwecB. 

A A— Tbe Wire* in on— cctioa 
Terminal Platea. 



Bj thig instrument all the phenomena of an ordinary batt 
be prodaced. 

ChcMieal DeMaq^Mlttoiis Inrthe PUe. — This discovery p] 
the hands of the philosopher an instroment by which he cool 
such investip^ations as had never previously been conceivec 
possible. Nicholson, for example, effected the decompos 
water and of several metallic salts : and observed, as a genei 
that in the decomposition of the latter the metal of the salt 
duced upon the zinc terminal of the pile. 

¥tr%t Batterjr. — Cruikshanks, of Woolwich, with a view t 
tate the construction of the pile, employed square plates of 
and zinc, soldered together two and two; these were cemen 
means of pitch, into a wooden trough, at the distance of a 
quarter of an inch from each other, and so arranged that tl 
plates all faced one end of the trough, and the copper pla 
other end. The spaces or cells between every pair of plate 
filled with a solution of common silt, or a mixture of ac 
water, which produced the same eflfect as the moist card? 
pile. The trough thus charged with its metals and solutio] 
the same part as the Voltaic pile. This was the first o 
instruments now so well known as the " galvanic battery" 

DeconiRotiUoii bytlie Battenr,anflit8 Application. — Crl IK! 
attached a silver wire to each terminal of his battery, and th 
ends of these wires he placed in a glass tube. When this ti 
tilled with a solution of acetate of lead, and the electric cum 
allowed to pass through it for some time, metallic lead was 
deposited upon the wire attached to the zinc termjj|fal of the 1: 
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^^olnlions of sulphate of copper, nitrate of silver, and seTeral other 

S*»,llB, were tried with sirailur results. The metals, as Cruikahanlia 

^:x:pressed it, were "revived," and that so completely, as to suggest 

"to him the application of the battery to the analysifi of mineralB. 

VVliile Cruikshanka, Nicholson, and several other gentlemen in this 

^^ountry were making investigations and applications of voltaic elec- 

tr-icity, upon the Continent, Brugnatelli, Fourcroy, Vatjqcblii^^ 

s*-_5»d Thesard were making aimilar investigations, and obtainiog^i 

similar results.' " 

Depoittlon of Ifeuils apon otbera, — Brugnatelli, in bis Annals 

*^r Chemistry, gives a, long list of experimenla on the decomposition 

or salts by tiie pile. He observed the transfer of the elements of a 

decomposed compound frora one pole to another — that silver, when 

deposited upon platinum, preserved all its metallic hrigbtnesa — and 

that, when copper or zinc were used in coimection with the silver 

^terminal, or positive pole, of the pile for decomposing salts, these 

^Bietals wore dissolved, and deposited upon the negative pole. The 

^Tesearches of Fourcroy, Vanquelin, and Thcnard gave the same, 

B.— In 1806, Brugnatelli, in a letter to Van 
tons, amoDi; other scientific facts, that " he had gilt in a complete 
laoner two large silver medals, by bringing them, by means of b 
'eel wire, into communication with the negative pole of a voltaic 
le, and keeping ihera one after the other immersed iu ammoniuret 
If gold newly made and well saturated."' 

t Bftrly OpInloDH cnneernliiB Electiv-DecompasltiOD. — The above 
law instances are selected from a host of a similar kmd u])on electro- 
leconiposition, to show that the fact of tiie deposition of metals by 
HI electric current was familiar to philosophers at this early stage of 
^e history of galvanism ; that nevertheless, the phenomenon was 
Wver thonght of further than as a curious action of electricity when 
iing through a solutiou containing metals { and that although 
le effects were produced again and again, it was only to prove and 
IllforcB certain speculative views respecting the electric fluid. As 
pr example, Brugnatelli iiad formed an idea that the electric fluid 
tad some relations to an acid which he called the electric add, and he 
■erefore viewed the decompositioa of solutions, and the obtaining 
M the metal, jviiich he termed an ekcirale, as the result of tlie com- 
poatiou of this electric acid with the metal of the solution. In one 
moirs upon this subject, he says — " Gold and platinum are 
lot sensibly altered by llic electric matter which passes throngli 
pern, though it often happens that the electric cun'cnt deposits on 
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gold a stratom of zinc, copper, mercorj, or silrer, aocording 
whicherer of these metallic bodies it traTerses.**^ In the same 
it is sereral times stated that gold and platina do not seem 
affected bj the electrk add. And, when he commonicated the 
experiment of gflding the two medals, his object was to show 
he had now found that the electric acid had ako the power of 
apon gold ; and the pobficatlon of these results and obaerrati 
excited no other idea in the minds of philosophers of that peri 
than that thej were mere scientific curiosities. The Editor of 
PhUoiophuxd Magazme appended the following note to the 
alreadj quoted: — ^'The result here detailed reminds me of 
somewhat similar, which took place during some experiments 
formed some years ago in the Askesian Rooms. Some gold leaf 
put loose upon a new piece of copper coin, which was then b: 
into the circuit of the pile. A part of the gold was inflamed, 
other portions adhered to the surface of the copper, as com 
as if thej had been attached by any common gilding process."* 

Haw these Kesnlto aineet the DlscaiTeiT — We ha?e been partic 
in thus noticing the observations of the first pioneers in elec 
chemistry, because these and similar facts of later date hare 
brought prominently forward by writers upon electro-metallurgy, 
with the apparent intention to detract from the merit due to t 
discoverers of the new art ; founding their objection on the groum 
that the principle upon which the discovery is founded is not new, 
'' Electro-metallurgy," says Mr Smke, " may be said to have it 
origin in the discovery of the constant battery by Professor Dani 
for in that instrument the copper is continually reduced upon th 
negative plate." And again, when speaking of DanielFs battery, 
says — " Mr M. De la Rue experimented on its properties, and foun 
the copper plate also covered with a coating of metallic copper, 
which \A continually being deposited ; and so perfect is the sheet 
copper thus formed, that being stripped oflf, it has the couuterpartsi 
of every scratch of the plate on which it is deposited."^ 

Doubtless these experiments border very closely upon the dis- 
covery ; but yet they have no more claim to serve as dates to its 
origin than those we have been referring to. But if it be necessary 
that an originating experiment must have a resemblance to that 
which it suggests — such as Daniell's battery, and the single cell of 
electro-metallurgy — why omit to refer to Dr Wollastou's earlier 
experiments of 1801 ? He says — " If a piece of silver, in connection 
with a more positive metal, be put into a solution of copper, the 



1 Brngnatelli, Annals of Chemistry, vol. xviii., and Wilkinson, vol. ii. 

9 Phil. Maff., 1806. 

» Smec, Elements of Electro-Metallurgy, 2nd Edition^ 1843. 






—Silver is coated over with tlje copper, which coating will ataiid the i 
^operation of baruishing.'" But in our opinion none of iLese resnits 
jOrigiaated electro-met a I lurgj : the discovery of that art, although ib 
IB an application of such resnlta as we have described, was as original 
rTon the part of the discoverers, and as ucconnected with these reaalts 
at the time it was made, as it would have been had the earlier ob- 
servations never been pultUshed. Tlie discovery seems to have been 
deduced from resnlte wliich the discorerers had obtained iu their 
oivii experiments, not even while Bearching for such a discovery 
luit during invcRtigations instituted for other porposes. 

Dse of Obiervefl Facts. — It must not be Bnpposed that we depre- 
cia,te the value of the published facts npon the decoua position of salts, 
iKjr that we overlook their relation to the discovery which foUowedj 
fur the maltiplication of facts, and the improvenieut of instruments 
for experimenting, enlarge our knowledge of the principles to be 
iiu'estigated or applied; they facilitate inquiry, and increase the 
number of observers. The circnmstaucea connected with the dia- 
i-overy of Elkctro-Metali.uhgt — of the application of the deconi- 
jiosing force of an electro current passing through a Bolulion, will 
iilusti'ate these observations. 

■ FtwM Experimenta. — Mr Thomas Spkncer, of Liver- 
_K>1, states that, in 1837, while esperimenting with a modification 
f[ a Daaiell'a battery, he used a, penny piece instead of a plain pibca 
1 copper, as a pole. Copper was deposited from the solution upon 
S and on removitif; the wire which attached the penny to the zinc 
\te he also palled off a portion of the deposited copper, which he 
Klid to be an exact counterpart or mould of a part of the head aud 
Kers of the coin as sniooth and sharp as i/ie oriffhial. But this did 
V BUggest to him any useful apphcatiou, until sometime after ha 
Ipped, accidentally, a little varnish upon a slip of copper which ha ' 
8 about to use iu tlie same way as he had used the penny piece, 
n finding that no deposit of copper took place on the parts where I 
Ihe varnish had dropped, he tlitn conceived the idea of ajiplying this j 
|ii'inciplc to the arts, by coating a piece of copper with varnish or ] 
was, and cutting a design through the wax or varnish, leaving the 1 
J copper liare, and then depositing upon these parts, fo that upon ' 
■iviBiOving the varnish the design would be left in relief. 
B» jacDbt's Expcrimeuta — \^'hile Mr Spencer was following up 
lueae ideas, the following paragraph appeared iu the Al/ienceam for ' 
r^ithMay, 1839:— 

. " OaCvame Engraving in Reiitf. — While M. Daguerre and Mr Pox 

Talbot have been dipping their pencils in the solar spectrum, and 

— astoiiishing us with tbeir inventions, it appears that Prolitsstir 

I riiilusopliicBl TtanEai:t\oiiB,\S.O\, I 
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Jagobt, at St Petersburgh, has also made a discovery which pro- 
mises to be of little less importance to the arts. He has foand a 
method — if we understand our informant rightly — of converting any 
line, however fine, engraved on copper, into a relief, by galvanie 
process. The Emperor of Kussia has placed at the Professor's 
disposal, funds to enable him ^o perfect his discovery." 

In consequence of this announcement, Mr Spencer, on the 8th of 
May, 1839, gave notice to the Liverpool Polytechnic Institution, 
that he should make a communication to them of his process for 
efifecting results similar to those of Professor Jacobi. But Mr 
Spencer appears to have changed his design of reading it to the 
above Institution, in order to have it read at the meeting of the 
British Association, which was to take place a short time after. 

JomaiCs Experiments — Meanwhile the announcement of the 
AthencBum was quoted in the London MechrmM Magazine for May 
11th, 1839, which brought forth a letter from Mr C. J. Jordan, a 
book printer, dated 22d May, 1839, and published on the 8th June 
of the same year in the London Mechanic^ Magazine, In this letter 
Mr Jordan describes his experiments upon the same subject, detail- 
ing the method of procuring electrotypes, and oflFering hints for tb^ 
application which have since been acted upon with considerable suc- 
cess. The following is a copy of Mr Jordan's letter, which was, do 
doubt, the first published description of the art in this country : — 

" Engraving hy Galvanism. 

" Sir, — Observing in the last page of a recent Number of your 
Magazine, a notice extracted from the AthenoBum, relative to a dis- 
covery of Professor Jacobi, its perusal occasioned the recollection 
of some experiments performed about the commencement of last 
summer, with the view of obtaining ..impressions from engraved 
copper plates, by the aid of galvanism, which led me to infer some 
analogy in principle with those of the Russian Professor, and may 
probably give me the right to claim priority in its discovery and 
application. These experiments were abandoned from the want d 
that most important element in pursuits of this nature — time : thi 
writer's share of the said element being occupied in a manner mort 
imperative than pleasing. I regret, however, not having made it tht 
subject of an earlier communication, as this would have placed my 
pretensions beyond doubt ; but, inasmuch as the notice alluded to is 
given from memory, and is undescriptive, while I may be enabled to 
exhibit the modus operandi, my assertion may be at least partially 
substantiated. 

"It is well-known to experimentalists on the chemical action of 
voltaic electricity, that solutions of several metallic salts are decom- 
posed by its agency, and the metal procured in a free state. Suck 
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fcresnlts are very conspicnons with copper salts, wbicli raetal may bo 
^Tftaiued from its sulphate (blue vitriol), by airaply immersiug tlie 
s of a galvanic battery in its solution, (be poeiiive wire becoming 
idually coated vrith copper. Tbis phenomenon of metallic rediie- 
u esseutial feature in the action of sustaining batteries, the 
this case, taking place on more extensive surfaces. But 
b form of voltaic apparatus which exhibits this result in the most 
BTcsting manner, and relates more immediately to the subject of 
B present communication, may be thus described : — ^It consists of 
' a glass tube, closed at one extremity with a plug of plaster of Paris, 
iind nearly filled with a solution of sulphate of copper j tbia tube and 
its contents are immersed in a solution of common salt. A plate 
ijf copper is placed in the flret solution, and is coiincoted, by means 
iif a wire and solder, witli a zinc plate which dips into the latter. A 
slow electric action is thus established through the pores of the plaa- 
ii:r, which it is not necessary to mention here — the result of which is 
die precipitation of minutely crystallized copper on the plate of that 
iiicta!, in a state of greater or less malleability according to the slow- 
ness or rapidity with which it is deposited. In some experiments of 
■ this nature, on removing the copper thus formed, I remarked that 
L^fl surface in contact with the plate equalled the latter in sroooth- 
MJjBB and polish, and mentioned this fact to some individuals of my 
Reqnaintance. It occurred to me, therefore, that if the surface of 
• rtie plate was engraved, an impression might be obtained. This was 
found to be the ease ; for, on detaching the precipitated metal, the 
moat delicate aud superficial markings, from the fine particles of 
powder used m polishing, to the deeper touches of a needle or a 
ixraver, exhibited their correspondent impressions in relief, with 
L^rcat fidelity. It is, therefore, evident that this principle will admit 
i>f improvement, and that casts and moulds may be obtained from 
iiuy form of copper, 

" This rendered it probable that irapressions may be obtained from 
l.hose other metalfl hcving an electro-negative relation to the Kinc 
|jlate of the battery. With this view, a common printing type was 
substituted for the copperplate, and treated in the same manner. 
This also was su^^cessful ; the reduced copper coated that portion of 
the type immersed in the solution. This, when removed, waa found 
to be a perfect matrix, and might be employed for the purpose of 
easting, where time is not an object, 

"It appears, therefore, that this discovery may be turned to some 
practical account. It may be taken advantage of in procuring cbbIs 
from various metals, as above alluded to ; for instance, a copper die 
may be formed from a cast of a coin or medal, in silver, type metal, 
or lead, Ac., which may be employed in striking im\iceaEiaBB wi wi^ 
metals. Casts may probably be oiitaiuedlvDifia-^XBS.i.wwsAas.'it^tt- 
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rounding a plate of copper ; tabes or anj small vessels maj also te 
made b j precipitating the metal aronnd a wire, or any kind of Ba^ 
face, to form the interior, which may be rerooyed mechanlcallj, bf 
the aid of an acid solrent, or bj heat. 

" C. J. JORDAK.** 

" To the Editor of the London Mechanics' Magazine J* 

Clear and perspicuons as this letter is, it did not attract the slighteit 
notice. And a few weeks after, we find that its existence was fo^ 
gotten even by the editor of the magazine in which it appeared. 

Spencer's First Printed Paper upon Electrotype. — Mr Speooer^ 
communication, referred to above, was, in consequence of some mil- 
understanding, not read at the meeting of the British Associatloiiy 
but it was immediately afterwards read before the Polytechnic Instl- 
tation of Liverpool, at their meeting on the 13th September, 1839, 
which was upwards of three months after the publication <^ Mr 
Jordan's letter in the London Mechanics' Magazine, Mr Spenc^ 
paper was accompanied with specimens Iboth of electrotypes and of 
printing, from electrotypes. The publication of this paper acted 
like an electric shock upon society, and men both of science and ait 
became active competitors in this new field of application ; the one 
class anxious t3 bear away the honours arising from some important 
improvement; the other, the profits which might follow sonae novel 
application of the process to tlieir own or some other branch of 
manufacture. Indeed, thousands of all classes and ages, who had 
never previously given science a passing thought, became fascinated 
with the new art, and — the process being simple and easy to perform 
— the amateurs soon became excellent electrotypists. With these 
combined efforts, it need not be wondered at tliat in a very short 
time improvements of great scientific interest were pointed ont, and 
applications of the greatest importance to the arts and manufactures 
of this country were introduced. In consequence, some of our old 
and standard manufactures, as we shall subsequently have occasion 
to notice at some length, have already been revolutionized. 

Historical Anomaly. — During a period of nearly five years — while 
the country was passing through an electrotyping mania — Mr 
Spencer held the undivided honour of being the first to apply the 
deposition of metals to practical purposes in this country, but early 
in 1844, Mr Henry Dircks, in a letter to the London 3Techamcs' 
Magazine, revived Mr Jordan's letter, and told us that he was 
aware of its existence from the time of its first publication. We 
cannot eulogise either the policy, or the love of scientific truth, which 
induced Mr Dircks to remain silent so long, and see the claims of 
Mr Jordan set aside by one whom he considered to be a mere pre- 
tender to the merit of the discovery. Nor, after a careful and im- 
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Mirtial examination of all the details pubtislied on the sulijeet, caa 
J agreo to his coiidemuation of Mr Spencer's prior cluinis 
!, Mr Spencer, upon the 8th of May, as already noticed, Btateil to 

Mibtic meeting of the Polytechnic Society of Liverpool, that he had 

kade a similar discovery previous to any knowledge of either 
■ordau or Jacobi had done, and which was a publication as much 

« if printed in the Times or Athenanm, and especially when loUowed 
a detailed description of the discovery. 
It is to be regretted that Mr Jordan's diffidence, which in this 
i far from being commendable, prevented his setting the , 

wbUc right npon this important matter. As a consequence, ha] 

past now be content with a much smaller share of the Imuoor of 

Ite discovery than he might have enjoyed. 

> On reviewing the circamstanees of this discovery, it strikes us as 

being a remarkable instance of the unity of intelieetoal perception 
reference to the general principles of Nature and their applica- 
ons ! for we believe that Professor Jacobi, Mr Spencer, and Mt 

Jordan, viewed the Fubjeet of .electro depositions in the same light^; 

bid about the same time ; and each, according to their several abili* 
es, presented to the pubhc the same discovery, independent of th»' 

^her, excepting the announcement made by one having hastcnei' 

tbe publication of the observations of tbe others. 

. The following ia Mr Spencer's original paper on electro -metal*^ 
' rgy, which we give at length, trusting that its importanc 
Ktion with the history of the art, and the Incid description of itff^ 
"actice, will serve as a sulficient apology for not abridging it : — ■ 
"On Workisgin Metal by Voltaic ELECTKicrrr, eeprintkdJ 
TROM TiiE Paper Pdblished by the LrvERPOOL PoltteciisiO J 

SoOIBTlf, AND READ AT TUK MEETING OF SkPTEMBKR THE 12tHjT 

ia39, NcncK BKiso GIVEN Mai- tub 8tii: IIknhv Booth, Esq, J 

pRliSIDENT, IN Tua ClIAIll. 

*' In the paper that I have the hononr to lay before the society, Cj 
do not profess to have brought forward a perfect invention. M;*^ 
only object is to point out a means by which, I hope, practical menf 
tnsy be enabled to apply a great and universal principle of Natnrel 
to the nseful and ornamental purposes of life. In this I may be J 
eonsidered sanguine, — an error, I am aware, too often fallen into by I 
those who, like myself, imagine they have discovered a useful ajipli- I 
cation of an important principle ; but however this may fall out, I I 
^all lay an account of its results, with specimens, snccessful and I 
nnsticcesBful, before the members and the public,— previously stat- I 
ing, however, that all my firtt experiments were made on a sma3]t,J 
scale — a method of jiroeedurc attended wiftv Taon^ sj.&sM.\.wis».y 
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the experimentalist himself, but haying its disadvantage when l: 
before the pablic. In this first respect, perhaps, the chemical < 
perimenter has an advantage over the mechanical one, as the succ 
of his experiment, when tried on a small scale, donblj guarantee 
if conducted on a still larger scale: with mechanical results I belli 
in most Instances it is the reverse. But when the chemist prodn 
his microscopic proofs, the public are generally slow to believe t. 
such minute appearances should warrant him in coming to t 
general conclusion. 

"In the latter part of September, 1837, 1 was induced to mi 
some electro-chemical experiments, with single pairs of plates, c 
sistlng of small pieces of zinc and equal-sized pieces of copper, c* 
nected together with wires of the latter metal. It was intended t 
the action should be slow: the fluids in which the metallic electro 
were immersed were in consequence separated by thin discs of plas 
of Paris. In one cell thus formed was placed sulphate of coppei 
solution, — in the other, a weak solution of common salt. I n< 
scarcely add that the copper electrode was placed in the cupre< 
solution, the other being in that of the salt. I mention these exp< 
ments briefly, — not because they are directly connected with whc 
shall have to lay before the society, but because, by a portion 
their results, I was induced to come to the conclusions I have d- 
in the following paper. I was desirous that no action should t; 
place on the wires by which the electrodes were held together ; j 
to attam this object I varnished them with sealing-wax varnish 
but, in one instance, I dropt a portion on the copper electrode i 
was attached. I thought nothing of this circumstance at 
moment, but put the experiment in action. 

" This operation was conducted in a glass vessel ; I had cor 
quently an opportunity of occasionally examining its progress fr 
the exterior. After the lapse of a few days, metallic crystals I 
covered the copper electrode, — wiih the exception of that portion wh 
had been spotted with the drops of varnish. I at once saw tha 
had It in my power to guide the metallic deposition In any shape 
form I chose, by a corresponding application of varnish or ot 
non-metallic substance. 

" I had been aware of what every one who uses a sustaining g 
vanic battery with sulphate of copper in solution must know, — t 
the copper plates acquire a coating of copper from the action 
the battery ; but I had never thought of applying it to a useful p 
pose, except to multiply the plates of a species of battery, which I • 
in 1836. My present attempt was with a piece' of thin copper pig 
having about four Inches of superfices, with an equal sized piece 
zinc, connected as before by a piece of copper wire. I gave 
copper a coating of soft cement, consisting of bees' wax, re?in, i 
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B. red earth. It was compounded in the manner recommended by ' 
K^r Faraday, in Irs work on Chemical Manipulation, but with a 
^■^er proportion of wax. The plate received its coating wiiile hot. 
^Hben it was cold, I scratched the initials of ray name rudely on the 
^]ate, taking epeda! care that the cement was quite removed from the 
scratches, that the copper might be thoroughly expoeed. This was 
put iu action ia a cylindrical glass vessel, about half filled with a 
saturated solution of snlphate of copper. I then took a common gas 
gloss, similar to that used to envelope an argand burner, and filled 
one end of it with plaster of Paris, to the depth of three-quarters of 
nn inch. Into this I put water, adding a few crystals of sulphate of 
soda to excite action, the plaster of Paris acting as a partition to 
separate the fluids, but, at the same lime, being sufficiently porous . 
to allow the electro-chemical action to permeate its substance. J 

" I now bent the wire in such a manner that the zinc end of the I 
nrrangement should be in the saline solution, while the copper end, ^ 
when in its place, should be in the cupreous solution. The gas 
glass, with the wire, was then placed in the vessel containing the 
sulphate of copper. 

'* It was then suffered to remain at rest, when in a few hours I 
perceived that action had commenced, and that the portion of the 
copiHsr rendered bare by the scratches had become gradually coated 
wilh pure bright deposited metal, whilst all the surrounding portions 
were not at all acted on. I now saw my former obserTolions rea^ 
lized; but whet-faer the deposition so formed would retain its hold J 
on the plate, and whether it would be of snSicient solidity or streugtJI.1 
to bear working if applied to a asefal purpose, became qnestioDB n 
which I now determined to solve by experiment. It also became a 
question — phonld I be successful it these two points — ^whether I 
should be able to produce lines sufficiently in relief to print from. 
This latter appeared to depend entirely oa the nature of the cement 
or etching-ground I might use. 

" This I endeavoured to solve at once ; and, I may state, it ap- 
peared at the time to be the main difficulty, as my impression then 
was, that little less than one-eighth of an inch of relief would he , 
requisite to print from. 

" I now procured a piece of copper, and gave it a coating of » 
modiiication of the cement 1 have olready mentioned, aud having I 
covered it to about one-eighth of an inch in thickness, Itook a steel I 
point and endeavoured to draw lines in the form of net-work, that I 
ahonld entirely penetrate the cement, and leave the surface of the I 
copper exposed. But in this I exiierienced ranch difficulty, from | 
the tliicknews I deemed it necessary to use ; more especially when I 
came to draw the cross lines of the net-work. The cemeat hevivt 
soft, the lines were pushed as it were into eaOcv o\\\ex, otA Vwfavjj 
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was made of harder texture, the intervening? squares of the net- 
work chipped off the surface of the metallic plate. However, those 
that remained perfect I put in action as before. 

" In the progress of this experiment I discovered that the solidity 
of the metallic deposition depended entirely on the weakness or in- 
tensity of the electro-chemical action, which I knew I had in my 
power to regulate at pleasure, by the thickness of the intervening 
wall of plaster of Paris, and by the coarseness or fineness of the 
material. I made three similar experiments, altering the textore 
and thickness of the plaster each time, by which I ascertained that 
if the partitions were thin and coarsty the metallic depositions pro- 
ceeded with great rapidity^ but the crystals were f liable and easily 
separated ; on the other hand, if I made them thicker, and of a little 
finer material, the action was slower, but the metallic deposition 
was as solid and ductile as copper formed by the usual methods, — 
indeed, when the action was exceedingly slow^ I have had a metallic 
deposition apparently much harder than common sheet copper, but 
more brittle. 

" There was one most important and, to me, discouraging circum- 
stance attending these experiments, which was, that when I heated 
the plates to get off the covering of cement, the meshes of copper 
net- work occasionally came off witli it, I at one time imagined this 
difficulty inseparable, as it appeared that I had cleared the cement 
entirely from the surface of the copper that I meant to have exposed; 
and I concluded that there must be difference in the molecular 
arrangement of copper prepared by heat and that prepared by 
voltaic action, which prevented their chemical combination. How- 
ever, I determined, should this prove so, to turn it to account in 
another manner, which I shall relate in the second portion of the 
paper. 

"I now occupied myself for a considerable period in making ex- 
periments on this latter section of the subject. 

" In one of them I found, on examination, that a portion of the 
copper deposition, which I had been forming on the surface of a coin, 
adhered so strongly that I was quite unable to get it off, — indeed, 
a chemical combination had apparently taken place. This was only 
on one or two ppots on the prominent parts of the coin. I imme- 
diately recollected that, on the day I put the experiment in action, I 
had been using nitric acid for another purpose, on the table I was 
operating on, and that in all probability the coin might have been 
laid down where a few drops of the acid had accidentally fallen. 
Bearing this in view, I took a piece of copper, coated it with cement, 
made a few scratches on its surface until the copper appeared, and 
immersed it for a short time in dilute nitric acid, until I perceived, 
hy an elimination of nitrous gas, that the exposed portions were 
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acted upon euEBciently to be sligLtly corroded. I washed the copper 
in water, aud put it in iwtion as before described. In forty-eight 
honrs I examined it, and found the lines were entirely filled with 
copper, I applied heut, and then spirits of turpentine, to get off 
tbe cement, and, to my satiBfaction, I found that the voitaic copper 
had completely combined itself with the sheet on which it 
deposited. 

"I then gave a plnte a coating of cement lo a considerable thiclc- 
ness, and sent it to an engraver ; but when it was returned I fonnd 
the lines were cleared out so as to be wedge-shaped, or somewhat in 
the form of a v, leaving a hair line of the copper exposed at the 
bottom, and a broad space near tbe sufface ; and where the turn of 
the letters took place, the to]i edges of the lines were galled and ren- 
dered rugged by tbe action of the graver. This, of coarse, was an 
hnportant objection, which I have since been able to remedy in 
Borne degree by an aheration in the shape of the graver, which 
should be made of a shape more resembling a narrow parallelogram 
than those in common use : some engravers have many of their tools 
so made. I did not put this plate in action, as I saw that the Imes, 
when in relief, wonld have been broad at the top and narrow at the 
bottom. I took another plate, gave it a cooling of the wax, and 
had it written on with a mere point. I deposited copper on the 
lines, and afterwards had it printed from.' 
" I now considered part of the difficnlties removed : the principal 
le yet remaining was to find a cement or etching-ground, the tex- 
ire of which should be capable of being cut to the required depth, 
tthoat raising what is technically termed a burr, and, at the same 
tfme, of sufficient toughness to adliere to the plate, when reduced to 
'\ isolated point, which would necessarily occur in the opera* 
tion which wood-engravers term cross-hatching. 

" I have since learned, from practical engravers, that much less 
relief is necessary to print from than I had deemed indispensable, 
and that, on becoming more familiar with the cutting of the wax- 
cement, they would be enabled to engrave in it with great facility 
and precision. 

" I tried a number of experiments with different combinnlions of 
wax, resins, varnishes, eartlis, and metallic oxides, all with more or 
less success. One combination that exceeded all others in its tex- 
ture, was principally composed of bees' wax, resin, and white lead. 
This had nearly every requisite, so that I was enabled to polish the 
surface of the plate with it until it was nearly as smooth as a plate 
of glafiE, With this compound I had two plates, five inches by 



1 

t 
1 

f 

i 
i 

I 



;o fi'Ieiids, and ulao s^ eavcins ol ^■iXWiXn^l^ii^a^"' 



J 



I 



14 HISTOBT OF ELBCTR0-MBTALLUR6T. 

seven, coated over, and portions of maps cut on the cement, whick 
I had intended should have been printed off. I applied the same 
process to these as to the others, immersing them into dilote nitrie 
acid before patting them in action ; indeed, I suffered them to remam 
about ten minutes in the solution. I then put them into the 
voltaic arrangement. The action proceeded slowlj and perfectly 
for a few days, when I removed them. I applied heat as osnal, to 
remove the cement, but all came away, as in a former instance — ^the 
voltaic copper peeling off the plate with the greatest facility. I 
was much puzzled at this unexpected result ; but, on cleaning tiie 
plate, I discovered a delicate trace of lead, exactly corresponding 
to the lines drawn on the cement previous to the immersion in the 
dilute acid. The cause of this failure was at once obvioos : the 
carbonate of lead I had used to compound the etching -ground had 
been decomposed by the dilute nitric acid, and the metallic lead 
thus reduced had deposited itself on the exposed portions of the 
copper plates, preventinig the voltaic copper from chemically com- 
bining with the sheet copper. I was now with regret obliged to 
give up this compound, and to adopt another, consisting of bees* 
wax, common resin, and a small portion of plaster of Paris. This 
seems to answer the purpose tolerably, though I have no doubt, by 
an extended practice, a better may still be obtained by a person 
practically acquainted^ with the etching-grounds in use among 
engravers. 

" I now proceed to the second, and I believe the most satisfactory 
portion of the subject. Although I have placed these experiments 
last, some of them were made at the same time with the others 
already described, and some of them before ; but, to render the 
subject more intelligible, I have placed them thus. 

" The members of the society will recollect that, on the first 
evening it met, I read a paper on the ' production of metallic veins 
in the crust of the earth,' and that among other specimens of cupre- 
ous crystallization which I produced on that occasion, I exhibited 
three coins — one wholly covered with metallic crystals, the other 
on one side only. It was used under the following circumstances. 
When about to make the experiment, I had not a slip of copper at 
hand to form the negative end of my arrangement, and, as a good 
substitute, I took a penny and fastened it to one end of the wire, 
and put it, in connection with a piece of zinc, in the apparatus 
already described. 

" Voltaic action took place, and the copper coin became covered 
with a deposition of copper in a crystalline form. But, when about 
to make another experiment, and being desirous of using the piece 
of wire used in the iBrst instance, I pulled it off the coin to which it 
was attached. In doing this, a piece of the deposited copper came 
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with it ; OD oxamiiiing the nnder portion of which, I fuuiid it 
>ntaiiied an exact mould of a part of the head and letters of the 
s smooth and sharp in every respect as the original on which 
§was deposited. I was mach struclt with this at the time ; but, on 
mination, the deposition metal was very lirittle. This, and the 
t that it would require a metallic nnclens to aggregate on, made 
I apprehensive that its future usefulneEs wonld be materially 
"" ' jed; but it was reserved for futnre experiment, and in conse- 
e laid aside for a time, nntii my attention was recalled to the 
fclyect in a Piihsetiueiit experiment, already detailed, by the drops 
y voniish on a slip of copper. Finding in that instance that the 
bposit wonld take the direction of any non-conducting material, 
fad be, as it were, guided by it, I was induced to give the previous 
^nch of the subject a second trial, because I had, in the first iti* 
. iDce, supposed that the deposition would only take place con- 
nuously, and not on isolated specks of a metallic snrface, as Inov 
ind it would ; bat the principal inducement to investigate the 
ttject was the fact of finding that deposited copper had much 
tore tenacity than I at first imagined. 
" Being aware of the apparent natural law which limits metallic 
nio^tioii by voltaic electricity, excepting in the presence of n me- 
lUic body, 1 perceived that the uses of the procesB would, in conse- 
kence, be extremely limited, except in the multiplication of already 
ngraved plates, as, whatever ornament it might prodnce, it wonld 
I only be done, by adhering to the condition of a metallic mould. 
" I accordingly determined to make an experiment on a very pro- 
minent copper medal. It was placed in a voltaic circuit, as already 
descrilred, and deposited a surface of copper on one of its sides, to 
abuut the thickness of a shilhng. I then proceeded to get the 
deposition off. In this I experienced some dilBculty, but ultimately 
succeeded. On examination with a lens, every line was as perfect 
as the coin from which it was taken. I was then induced to use 
the same piece again, and let it remain a much longer time in action, 
that I might have a thicker and more substantial mould, in order to 
test fairly the strength of the metal. It was accordingly put agnia 
in action, and let remain until it had acquired a much thicker coat- 
ing of the metallic deposition ; but on attempting to remove it from 
the medal I found I was unable. It had, apparently, completely 
adhered to it. 

" 1 had often practised, with some degree of success, a method 
of preventing the oxidation of polished steel, by slightly heating it 
Qnlil it wonld melt fine bees' wax ; it was then wiped, apparently 
completely off, but the pores or surface of the metal became im- 
pregnated with the wax. 
"I thought of ibis method, and applied il to accg^jw toro. 
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'^ I first heated it, applied wax, and then wiped it so compL 
off, that the sharpness of the coin was not at all interfered with 
proceeded as before, and dep3sited a thick coating of coppe^ o 
surface. Being desirous to take it off, I applied the heat of a sp 
lamp to the back, when a sharp crackling noise took place, and I 
the satisfaction of perceiying that the coin was completely loose 
In short, I had a most complete and perfect copper mould of 
side of a half-pennj. 

'^ I have since taken some impressions from the mould thus ta 
and, by adopting the above method with the wax, they are separ; 
with the greatest ease. 

" By this experiment it would appear that the wax impregn 
tlie surface of the metal to an inconsiderable depth, and pre? 
a chemical adhesion from taking place on the two surfaces ; ai 
can only account for the crackling noise, on separation, by sap] 
ing it propable that the molecular arrangement of the voltaic m 
is different from that subjected to percussion, and this diffen 
causes an unequal degree of expansibility on the application of h 

•* I became now of opinion, that this latter method might be app 
to engraving much better than the method described in the 
portion of this paper. Having found in a former experiment i 
copper in a voltaic circuit deposited itself on lead with as much 
pidity as on copper, I took a silver coin, and put it between 
pieces of clean sheet-lead, and placed them under a common sc 
press. From the softness of the lead, I had a complete and sh 
mould of both sides of the coin, without sustaining injury. 1 1 
took a piece of copper wire, soldered the lead to one end, and a p 
of zinc to the other, and put them into the voltaic arrangemet 
have already described. I did not, in this instance, wax the mo 
as I felt assured that the deposited copper would easily separate fi 
the lead by the application of heat, from the different expansbi 
of the two metals. 

" In this result I was not disappointed. When the heat of a spi 
lamp was applied for a few seconds to the lead, the copper impi 
sion came easily off. So complete do I think this latter portioi 
the subject, that I have no hesitation in asserting th&t fac-similie 
any coin or medal, no matter of what size, may be readily tal? 
and as sharp as the original. To test further the capabilities of 1 
method, I took a piece of lead plate, and stamped some letters 
its surface to a depth sufficient to print from, when in relief. I 
posited the copper on it, and found it came easily off, the lett 
being in relief. 

" Finding from this experiment that the extreme softness of L 
allowed it to be impressed on by type metal, I caused a small p 
tion of ornamental letter-press to be set up in type, and placing 



planed piece of sheet lead, it was subjected to tlie action of a 
press. 

fter considerable pressnre, it was found that a perfectly sharp 
1 of the whole had been obtained in the lead. A wire was 
oldered to it, and it was placed in an a]>parutus similar in 
pie, bat larger than the one already described. At the end 
'it days from this time, copper was deposited to one-eigbtb of 
1 in thickness ; it was thtu removed from the apparatus, and 
lugh edges of tiie deposited copper being filed off, it was sab- 
i to heat, when the two metals began to loosen. Tlie separa- 
was completed by inserting a piece of wedge-shaped wood 
tten them. 

I had now tlic satisfaction of perceiving that I had by these 
I obtained a most perfect specimen of stereotyping in copper, 
had only to be mounted on a woodeu block to be ready to 
from. 

'rom the successfal issue of this experiment, which was mainly 
D the snsceptibihty of the lead, I was induced to attempt to 
a wood engraving by a eiinilar melhod, provided the wood 
[ bear the requisite pressure. Eoowing that wood engravings 
tecnted on the end of the block, I had better hopes of succeed- 
he wood being less likely to sustain injnry. 
accordingly procured a small wood block, and placed its en- 
d fiorfnce in contact with a piece of sheet lead made very clean, 
ibjected it to pressnre, as in the former instance. I had now, 
bre, the gratification of perceiving that a perfect mould of the 
block had been obtained, and no injnry done to the originaL 
al wood engravings and copperplates were subjected to similar 
nent, and are now in process of being deposited on in the 
•Atus before me. 

, now come to the third and concluding portion of the experi- 
1 on this subject. The object being to deposit a metallic surface 
nodel of clay, wood, or other niwi-metallic body, — as, otherwise, 
kgined the apphcation of this prmciple would be extremely 
idr Many experiments were made to attain this result, which 
!H not detail, but content myself with describing those which 
ultimately must snccessful. 

I procured two models of an ornament, one made of clay, and 
toer of plaster of Paris, soaked them for some lime in linseed- 
90k them out, and suffered them to dry — first gettmg the oil 
L off the surface, "When dry, I gave Ihem a thin coat of mastic 
ish. When the varnish was nearly dry, but not thoroughly so, I 
''*d Borae bronze powder on that portion I wished to make a 
of. This powder is principally composed of mercury and sul- 
't or it may be chemically termed a sulphuret Of mercury. Tkwft 
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is a sort that acts macb better, in which is a portion of gold. I had, 
however, a complete metallifferons coating on the snrface of tbe 
model, by which 1 was enabled to deposite a sarface of copper on % 
by the voltaic method 1 have already described. I have also gilt 
the surface of a clay model with gold leaf, and have been saccessM 
in depositing copper on its surface. There is likewise another, and 
as I trust it will prove, a simpler method of attaining this object; 
but as 1 have not yet sufficiently tested it by experiment, I shall tabs 
another opportunity of describing it." 

[At the close of the paper, several specimens of coins, medals, and 
copper plates, some of them in the act of formation by the yoltiie 
process, were exhibited by Mr Spencer to the Society.] 



Pinmiiaso as a Coatiiiff. — Shortly aficr Mr Spencer's paper was 
published, several important improvements were introdaced, one or 
two of which we will refer to here, and will give the others whaj 
detailing the processes to which the improvements were applied 
The first was the use of plumbago or black lead, to give the sarfaeil 
of non-metallic bodies a conducting property. This was the dis- 
covery of Mr Robert Murray, a gentleman of high attainments 
and unassuming manners, who communicated the process to the] 
members of the Royal Institution orally. The Society of Arts after- 
wards awarded to Mr Murray a silver medal, as an expression of I 
their sense of the value of the discovery. Seldom was reward mors 
deserving, or a discovery more important to the purposes to whid 
it was to be applied, for this application at once freed electro* 
metallurgy from every bond: it was no longer necessary to usB 
either metallic moulds, or moulds having metal reduced upon their 
surfaces by chemical means — which, according to the processes thea 
known, was both tedious aiid uncertain, and only applicable to ce^ 
tain substances. Plumbago possessed all the requisite properties: 
it was convenient, plentiful, and cheap, easily applied, and equall; 
effective for every substance on which the electrotypist desired to 
obtain a deposit, or which he could wish to cover with metal, either' 
for useful or ornamental purposes. 

Separate Battery- — The second improvement to be noticed is one I 
that must have followed the original discovery very soon, nameljj 
the application of a separate battery for the purposes of depositioo. 
This was suggested by Mr Mason. Although those instances of 
deposition of metals which have been referred to in the early. history 
of galvanism were effected by means of separate batteries, namely, b]f 
placing the ends of the wires attached to the terminals of the batteij 
in the solution to be decomposed, still the discovery under considera^ 
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was made by meaiia of what is termed the smgle cell. It con- 
(i m simply attnchiug by a wire the article upon which a deposi- 

D was to be made to a piece of sine, and immefEiiig the zinc in 
tied auid, and the other article in a solotion of the metal to be 
Oflited ; the two liquids being Beparated by a porons p&rtition, or 
ihragm, Bnch as moist bladder, or unglazed porcelain. In this 

e, the whole electricity was expended within l!ie eel), to deposit 
metal within or upon the mould. By Mr Mason's discovery, the 

Btrieity generated in the cell could be made to do an equivalent 

irork m a separate cell ae well — making the original arrangement 
generating cell or battery to the second cell In this last cell 

a also a solution of a metal having in it a sheet of Ginjilnr metal 

ached to the copper of the first cell, and the monld to be covered 

B attached to the zinc of the first cell. Fig. 2 is an iUustration of 
mprovement, wiiich consisted in ean^'ing n medal, in the act 

being deposited, to serve as part of a battery for the deposition 

ftDother medal. 

^, Outer vessel filled with sulphate of copper ; o', another vessel, 
h p, a porons cell filled with dilute ficid, in which is placed z, a 
c plate, which is connected by a wire with a medfd m' in the 

ond vessel charged with eui- 
rte of copper. The medal, m, 

the first cell, ia coimeclcd by 
to a piece of copper, c, 

■the second cell: the eSectri- 
' passes from the ziue z to m. 
L by the wire to c, then to 
and by the wire back to the 

3Z. 

The nseof a separate battery, 
irever self-evident, was a 
luable addition to tlie electro- 

Btallurgist for many of his '^' 

Brations ; although for some purposes the original single cell is to 
preferred. 

^lAWB «r Deposition- — As might have been espected in the excite- 
ut occasioned by the announcement of a new art, every individnal 
jeriraenter became bo engrossed bj his own investigations and 
iir results, as to overlook the labours of others, and at last to lay 
jnto the honour of originating all the discoveries they announced; 
lie the truth ia, that nearly all the important facts of electro- 
idtnrgy appear to have occurred almost simultaneously to various 
wrimenters. We shall quote one or two instances of these absorb- ■ 
I ing claims, as it is important to rectify the errors they contain, 
because no successful labourer, however buinWe, Sa '0(i'i Ss*^^ 
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Bcience or art, shoald be overlooked by his fellow labourer whose 
opportanities for research may. be mnch more favourable. 

Extract from Smee's " Electro- Metallurgy ** : — 

^^ The laws regulating the reduction of all metals in different states 
were first given in this work as the result of my own discoveries. 
By these we can throw down gold, silver, platinum, paliadinm, cop- 
per, iron, and almost all other metals, in three states, namely, as a 
black powder, as a crystalline deposit, or as a flexible plate. These 
laws appear to me at once to raise the isolated facts knowu as the 
electrotype into a science, and to add electro-metalliirgy as an 
auxiliary to the noble arts of this country." 

That Mr Smee discovered the laws referred to we have not the 
slightest doabt : they were published as laws in his book, and thej 
are commonly quoted as Mr Smee's ; nevertheless, be was not the 
first who discovered them ; the same laws were pointed out by Mr 
Spencer, in his original paper just quoted, published eighteen 
months previously to the appearance of Mr Smee*s work, as will 
be seen from the following extracts : — 



Laws given hy Smfie. 

"Law L— The metals are in- 
variably thrown down as a black 
powder, when the current of 
electricity is so strong, in rela- 
tion to the strength of the solu- 
tion, that hydrogen is evolved 
from the negative plate of the 
decomposition cell. 

"Law IL — Every metal is 
thrown down in a crystalline 
state, when there is no evolution 
of gas from the negative plate, 
or no tendency thereto. 

"Law in. — Metals are re- 
duced in the reguline state, when 
the quantity of electricity, in 
relation to the strength of the 
solution, is insuflBcient to cause 
the production of hydrogen in 
the negative plate of the decom- 
position trough, and yet the 
quantity of electricity very nearly 



Laws given by Spencer, 

" I discovered that the soliditj 
of the metallic deposition de- 
pended entirely on the weakness 
or intensity of the electro-che- 
mical action, which I knew I had 
in my power to regulate at plea- 
sure, by the thickness of the 
intervening wall of plaster of 
Paris, and by the coarseness or 
fineness of the material. I made 
three similar experiments, alter- 
ing the texture and thickness 
each time, by which I ascer- 
tained, that if the partitions were 
thin and coarse, the metallic de- 
position proceeded with great 
rapidity, but the crystals were 
friable and easily separated ; on 
the other hand, if I made them 
thicker, and of a little finer ma^ 
terial, the action was slower, bnt 
the metallic; deposition was as 
solid and ductile as copper formed 
by the usual methods. Indeed, 
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^■rcb to indaee ttat plieoo- Wben the action was expeedlngly 
^ffen." Blow, I hare had anietaUic depo- 

^H Bition mnch harder than rommon 

^H sheet copper, but more brittle." 

The identity of these dednetioiiB or laws requires no comment ; 
and, comparing the circumGtances of the one having nothing but the 
rude apparatus of a new-born art suggested by hioiseir, to that of 
the other, enjoying the advantage of eighteen months' improvements, 
Mr Spencer is astonishingly correct, and his name should be identified 
with the discovery of these laws. The claim of originality invoked 
in the inference drawn by Mr Smee, though formidable at first sight, 
IB, nevertheless, witliont foundation. Mr Smee says — " These laws 
appear to me at once to raise the isolated facts known &a the electro- 
type into a science, and to add eleclTQ-metallwgy m an auxiliary to the 
noble arts of tUi country." Unfortunately for the validity of Mr 
Smee'a claim, patents were taken out long previous, both in England 
and France, for the application of the electro-depositions to the arts. 
And Messrs Ellcington'a patent for silvering and gilding by this pro- 
cess — a patent whicli has not yet been superseded — was not only 
published in full detail, but was in extensive operation months before 
the publication of Mr Smee'a book. Nevertheless, the publication 
(ir Mr Smee's book did good service to the art of electrotyping ; and 
the invention of his battery has so identified his name with the 
8i;ience, that it will go down to posterity as that of an active and 
successful labourer in the field of electricity : to Mr Smee we owe, 
moreover, the very appropriate name for the art, Electro-metallurgy, 

Vorks PnbUibed on BlectrB-HetaUnm. — Besides many interest- 
ing papers in journals and magazines, several separate works were 
published on this art. Some months previously to tlie publication 
of Mr Smee's work, Mr Spencbr had given the world ^^Jnstruclione 
forOit multiplicaiion of worts of art in mttal by voltaic electricity;" 
and shortly after Mr Smeb's work appeared, we had, in rapid suc- 
cession, Walkbr'b Eleetrotype Manipulation, Stdhoeon's Art of 
Slectrotyping, Shaiv'h Manual of Electro-metallurgy, &c., all showing 
much practical knowledge of the sobject. Wai.keu's Manipulation, 
from its practical nature and its concise form, became the favourite 
of the amateur, and did more to piopularize the art than all the 
others put together ; and although Utile pretensions were made to 
originality, the anlhor will not fail to have an honourable remem- 
hraoce in the history of the art. 

PMtentg taken out for Blcctro-netaUnm. — The application of the 
art to useful purposes was so self-evident and so eagerly sought after, 
ihat no less than ten patents were taken out for ttseM^-^ijVi.cWA'^roK., 
between the discovery of the art aud Ike eVose ol \%V\.-, m>&.-wc^.^ 
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year has passed since, without adding patents for certain ir 
ments, and applications of Electro^metallargj to some pa 
branch of manofactare, several of which will be noticed i 
proper places, as many of them, althoujjjh based upon rigl 
ciples, were, commerciallj- speaking, entire failures. 



DE8CRIPTI0S OF GAITAMO BATTERIES, 



FECULlABITIEg. 

_ e teriDS that are employe<I to denote tlie vari- 

onB parts of a galvanic battery, and of other eleclrotype arrange- 
ments, freqaently puzzle tba student, and lead him into difficulties. 
Before we proceed to descriljB the various forma of the battery, we 
shall, for this reason, give a preliminary account of the uomenclu- 
ture of galvanism. 

The two extremities of a battery have long been called Poks; one 
of tbem the PosUivs, and the other the Negatiee, Pole. But objec- 
tions have been taken to the use of the terms neffatioe, positive, and 

pole, on the ground that sncli terms do not convey a correct idea of 
the drcu instances or of the effects produced. Before connecting the 
two metula or extremities of a battery, there is no electricity 
evolved, nor is there any electrical tension on any part of the 
arrangement; and when the connection is formed the electricity 
simply makes a circuit, it is therefore snpposed tliat no particular 
portion of that circuit can be said to be either negative or positive 
to another portion. 

PraiHised TermK — ^Various terms have been suggeEted as substi- 
tntes for negative and positive, and also for pole. Dr Faraday has 
proposed the followmg; for pole, lie substitutes electrode, which 
Bonifies a wag ; for the negative pole, oalhode, Eignifying dovmKards; 
and for the positive pole, anode or vpwai-ds. To understand these 
terms properly, we must suppose a battery lying njion the ground 
with its copper (positive) end to the east, and the wire connecting 
the ends of the battery bent into an arch similar to the coarse of the 
sun i the electric cnrront will thus flow up from the east end of the 
battery, and descend into it at the west end. The fluid that is 
decomposed by a current of electricity passing through it is termed 
by Faraday an elect/viffte ; tlie elements liberated by this decomposi- 
tion he terms ions, dislinguiahing those liberated at the cathode oa 
eeOioni, which in sulphate of copper would be the metal, and tiiose 

■Kpated at the anode as anions, which would be Vl\t <a,?.v>i i^u\\\u\i 

^Wie Balphate of coppev. 
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The late Profeasor Danieil, disapproving of tlie terraa cathode atid 
anode, siibatiluted pUttinode for the uegative, and iiacoik for tbe 
positive, pole. We think these terms are better adapted for electro- 
raetallnrgy than cathode and anode, which have no direct reference 
to ordinary conditions ; while zineode distinctly expresses the sul>- 
ataiiee dissolved, and pjatinode the element not acted npon. 

Professor Graliam adopts the terms ziiieoua and cMoroua poles, 8B 
synonymous with zineode and plotiriode, or positive and negative. 

Although the terms positive, uegative, and pole, may not be the 
best, still, nnder all the conditions of electro- metallurgy, we deem 
thera as appropriate as any of the proposed snbstitutea, some of 
whii-h are based on snpposed conditions which have not been prored,' 
and may be found incorrect. 

When we shall have occasion to use the two termB pole and «&e- 
tr/tde, these will be nsed synonymously : positive and negative elec- 
trode are synonymous with positive and negative pole. 

Ekctrolifte will be applied to a solution when undergoing decom- 
position by the electric current passing through it. 

The po^five electrode, or pole, is that metal in the electrolyte which 
is being dissolved, or, if not capable of being dissolved, at which the 
acid or solvent of the electrolyte is being liberated, as when sulphatt 
of copper forms the electrolyte, the sulphuric acid is liberated. The 
negative electrode, or pole, is that metal or substance in the electrolyte 
upon which the metal is being deposited by the influence of the 
electric current, such as a medal npon which copper is beiug depo- 
sited in an electrotype process. 

BATTERIES. 

Single PalrofPiates. — If a piece of ordinary metalUc zinc he put, 
into dilute sulphuric acid, it is speedily acted npon by the acid, »bA 
hydrogen gas is at the same time evolved from its surface, having » 
disagreeable smell arising from impurities contained in the zinc or 
add. If the zinc be taken ont, and a little mercury be rubbed oiVt 
its surface, an amalgamation takes place between the two metale i 
the plate becomes of a beautiful bright silver appearance. If the 
ziuc thus amalgamated be again pot into the dilute acid, there is itf 
action, for the mercury retains the zinc with sufficient force to pro* 
tect it from the acid. If a piece of copper be immersed along with 
the zinc, and the two metals be made to touch each other, a parti- 
cular influence is induced among the three elements, zinc, copper, and 
acid; the acid again acts upon the zinc as if no mercury was upon 
it, bnt the hydrogen is now seen to escape from the surface of the 
copper ; this action wilt go on as long as the two metals are kept in 
contact. Or if, iustcad of causing t\ie two taetols to touch, a wiro 
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Iched to eaph, and their opposite ends are placed in a littie 
Icid in another vessel, the same action will take pkce between 
C and copper as when they were in contact ; bnt in this in- 

tlie ends of the two wires which dip into the vessel containing 
ill undergo a change : the one attached to the zinc vfill give 
iantity of hydrogen gas, while the one attached to the copper, 
big it to be also copper, will rapidly 
e. 

ire 3. Kepreaents the zinc and cop- 
iced in dilute sulphuric acid, broaght 
Dtact ; in this experiment, gas will be 
eaping from the copper, 
ire 4. Zinc and copper, placed in 
»eid, and wires attached, which, when 
ted, will exhibit the same effects as in 
It case. 

pre 5. Shows the wires connected by 
lof a liquid, such as acid and water, 
ie of copper, &c. 

copper and zinc, c and z, with the 
I the first vessel, Jiffure S, constitnte 
}ry of one pair. The wine glasg e, 
dd, in which the wires are placed, is 

the decomposition cell. 

kind of zinc — ^The zinc used for the 

should be milled or rolled zinc, not 

than ^th of an inch, otherwise the 
rill be very great; for amalgamated 
hen it becomes thin, is so tender and 
■that the utmost care cannot preserve 
i- The best thicknesa for the zincs, 
heir size is npwards of four inches 

is Jth of an inch ; bnt if under this 
[h to ^th of an inch is the proper ^' 

BS. Cast plates of zinc should not be ni^ed, as they are 
e to rolled zinc, aud give less electrical power : they are so 

that no araHlgamation will protect them from the action 
Rcid — produi:ing "local action," as it is termed, which is 
p a waste of zinc and acid, but prevents, to a great extent, 
Suction of the quantity of electrical force which the surface 
inc in nse is calculated to give. 

oftbe zinc Plates. — The amalgamation of zinc is 
exceedingly simple ; nevertheless, U tatft \ie -aciX \,%!«-^^, ^ 
. loes ID mercurj- and zinc U soon e5ttc\Bi!i. X. Aoa.^'^'ix^ 
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pao is best to use, and should be safficientlj capacious to allow tbe 
zIqc plate to lie flat withlQ it : a mixture of eight parts water, id 
one part salpbaric acid, should be put into the pan, sofficieDt k 
quantity to cover the zinc plate, which should lie in it till the 81l^ 
face is perfectly bright. The pan is now raised on the one side, aad 
a little mercury put into the lower part, care being taken that tk 
zinc does not touch the mercury, to prevent which is the object of 
raising the pan on one side. A little coarse tow, tied to the end of 
a piece of wood, is dipped into the mercury, which lifts small portioM 
of the metal mechanically, which is then rubbed with considerabb 
pressure upon both sides of the zinc plate, over which the meanmj 
flows easily: the plate is then washed, by dipping it into clean water, 
and is next made to stand upon its edge ia another pan, with two 
small pieces of wood under it, so as to allow the mercory to dnh 
from it. Instead of tow, an old scratch brush is generally used fa 
plating factories : this is a brush made of fine brass wire, tied npOD 
a piece of wood ; but we prefer tow, when carefully employed, as 
the brass wire amalgamates with the mercury, and causes a loss of 
that metal. After the zincs ha^e drained for a few hours, the pro* 
cess should be repeated, only it is not necessary to allow the metal 
to lie in the acid in the second process previous to rubbing in tb 
mercury: after draining a few hours the second time, amalgamatioa 
is completed. In the first process a plate, of a foot square, amil' 
gamated on both sides, will retain three ounces of mercury; but fer 
the second process, or any time after, the same size of plate will onlj 
retain 1^ ounces of mercury. 

Zinc rapidly absorbs mercury, which permeates the whole metal 
If the mercury was in quantity, the zinc would dissolve in it; henoe 
the propriety of rubbing the mercury into the zinc, only iu smal 
portion, for if allowed to imbibe as much as it is capable of doing, 
it would not only be a loss of mercury, but the plaie would become 
exceedingly brittle. When too much mercury is used, a portion of 
it will filter out from the plate by standing, but it carries with it 
some zinc dissolved, which tends to deteriorate the quality of the 
metal for the battery. 

The zinc in the battery, after being used, should never be allowed 
to lie in the acid when the battery is net in use, but should be takeo 
out, and the surface carefully brushed with a ha7'd hair brush, in 
water, and then laid by in a safe place. The matter thus brushed 
off, being an amalgam of zinc, is to be carefully collected, and kept 
in dilute sulphuric acid, or in the waste acid from the batteries: 
most of the zinc in this amalgam will dissolve out, so that a great 
portion of the mercury may be recovered, or by placing these 
brushings in a coarse cloth bag, and subjecting it to pressure in a 
scrow-presa, most of the mercury may \iy \\i\^ m^«»& V^Ok t^coveredt 
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—If the battery is to be used eeldoni, , 
bd orilj for a short period at a time, auother method of amalgaraa-'-J 
■>D may be adopted. The zinc plate, after lying in the dilute acid I 
Hi the surface is bright, may be robbed over with a Bolution otd 
ptrate of mercury, which gives a very thin amalgamation ; but this I 
Eetfaod is unsuitable if the battery is to be in use for several hours ] 

B When a battery is being worked daily, it will be advisable to i 
bteat tbe ainalgamation from time to time, otiierwise local action ' 
Wl begin, and tlie working power of the battery be weakened, while 
■e loss in zinc will be increased. 

I The following is the proportional rate which we have found on i 
■e large scale under the most favourable circumstances. A new 
Idc plate, amalgamated as described, working continuously — 
fc 24 honra, zinc lost 12^ ounces — copper deposited 12 ounces ; 
I 48 hours, zinc lost 20^ ounces — copper deposited 17 ounces j 
I 60 hours, zinc lost 34 ounces— copper deposited 24^ ounces. 
■ From these and siinilar data we found that the most economical 
ky of using zincs is the following : after being in the battery twenty- 
kr honrs, they are to be taken out, brushed, and laid aside; after _ 
■orking other twenty-four hours, tliey are to be ogaiu brushed and J 
mmediatel^ re-amalgamated : if these d t a att nd d t « ^ I 
Bnce of mercury will be sufficient f o e f t squa e f z ic, ^ 
ptb aides. 

K The advant^es of proper amalgamat n \t II b made m e vi- 
pct in the sequel. We have only to add I n n eq e of 
■loft-expreBse4fearof thedangerof w k j, th qn k 1 that 
m apprebenfiion need he felt: the skin does not absorb it, and there 
ping no bent required in the operation that cookl convert the raer- 
fcry into vapour, tbe only state in which it is dangerous, no saliva- 
Idii can take place. 

fe Bblanec bemeen tbe Batter; Flatea. — To return again to the 
||lttery-cell. It will be found that if the two metals — the zinc and 
Kpper in acid (fg. 5.J — be put very close to each other, the action 
bII be much more rapid than when they are far apart. It will also 
m Cbnnd that, allowing the zinc and copper to be kept at one distance, 
bt the wires in the decomposition -cell to be put at difTereiit dis- 
■aces, similar results will take place. When the wires are close 
■e Bctiou in the battery-cell will be more powerful than when the 
vo wires are put farther apart: these properties are applicable to 
B batteries and decomposition -cells of every kind. The following 
■BaltB will give an idea of the relations of these several conditions: — 
Wf iBt. One pair of copper and zinc plates, measuring superficially 6 
pnare mches, were iniraersed in a solution consiatins^ of l aavVV-^^a . 
Etter ; plates of copper of equal Eize to lUose ol imft wi^ to^i^B 
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were laid in the decomposition-cell, which was then filled with • 
liqaid of eqnal strength to that in the battery-cell: the plates in tk 
batterj-celi and the decomposition-cell were then placed one ind 
apart : in fonr hours 

The zinc in the batterj-cell lost by dissolying 10^ grains ; 

The copper dissolved in decomposition-cell 10 grains. 
2d. The battery plates were pnt 12 inches apart, and the plates ii 
decomposition-cell 1 inch apart : in fonr honrs 

There were dissolved in the battery-cell, zinc 7 grains ; 

In decomposition-cell, copper 6 grains, 
dd. The battery plates were placed 1 inch apart, and the plates 
in decomposition-cell 12 inches apart : in fonr hoars 

The zinc in battery-cell lost 4^ grains ; 

The copper in decomposition-cell lost 3^ grains. 
These results show the importance of attending to the conditions 
of the respective agents, and also, that distance in the decomposition- 
cell offers greater resistance than distance in the battery-celL~ 

DlfDerent Elements of Batteries. — ^Althongh our observations have 
been made on zinc, copper, and dilute sulphuric acid in the battery- 
cell, still these are not the only essential elements in a battery, as 
almost any two metals with a liquid similarly arranged will prodnoe 
an electric current; but the current will vary according to the 
nature of the metals employed, and the effects produced upon then 
by the solution in which they are placed. If the exciting solntioi 
has the power of acting upon both metals, as when zinc and copper 
are immersed in dilute nitric acid, the current of electricity pro- 
duced by the action of the acid upon the zinc will be neutralized to 
an extent corresponding to the relative action of the acid npon the 
copper. To have any effective electrical power, it is necessary that 
one of the metals employed be capable of combining easily with one 
of the elements of the solution in which they are placed, and form- 
ing a soluble salt, while the other does not; and the power obtained 
under proper circumstances has an intimate relation with these two 
properties in contrast. The metal which undergoes solution is 
termed the positive metal, the other the negative metal. Metals are 
not considered to possess any intrinsic negative or positive principle ; 
their relations in this respect are governed solely by the circum- 
stances in which they may be placed. For instance, if we connect 
a piece of copper and a piece of iron, and immerse them in acida- 
lated water, the iron is dissolved, and is positive in relation to the 
copper; but if the same metals are immersed in a solution of 
yellow hydro-sulphuret of potassium, the copper is dissolved, and 
is positive relatively to the iron. Hence, to obtain a galvanic bat- 
tery, the conditions are simply to provide two metals, and immerse 
them in a solution capable of acting upon the one and not u^on the 
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ler. The first table shows the order in which the common metals 
pfld to each other, in respect of their relative negative and poeitire 
>peitie», when immersed in water acidalated with Hulphnric acid. 
le second table is given by Gmeliu as the relatiouB of the metals, 
water and sea water, the most iutenselj negative metal atandiug 
;hest, and the metal which acts most positively standiug lowest :— 



1 



Platinum 


Platinum 


Gold 


Gold 


Antimony 


Silver 


Silver 


Copper 


Nickle 


Bismnlh 


Bismuth 


Antimony 


Copper 


Iron 


Lead 


Tin 


Iron 


Lead 


Tin 


Cadmium 



Accoriiing to tbis arrange rtieTit, each metal is positive with respect 1 
all that stand before it, and the electrical conditions of any paii* 1 
come the more contrasted the fcrther apart they stand in the scale, i 
lius,abBtterywmposed of zinc and platinum is much more power- 
[ than one composed of zinc and copper ; and a am, copper and 
)n make a very weak battery. I 

A. battery may also be furmed by having one metal and two kinds J 
solutions, separated by a porous diaj)hragm. For example, we 1 
ly have strong nitric acid in one division, and dilute Bulphurit! 1 

■ muriatic acid in the other ; and by puttiu;; into each a piece of 1 
wn iron, a powerful current is obtained. These, mid several other 
ran^ements of solutions and metals, are expensive and troublesome 

■ keep in order, and are tlierefore never used for practical purposes 
the art of electro-metallurgy. 

PHperUcs «f MetalH at for Batteries. — In looking to the above 
ble, it may be asked, " Since lead stands nest lo copper, and is eo 
nch cheaper, why ahonld it not be used instead I" The reason is, i 
at there are other properties which a metal, especially that used [ 
I tbe negative element, onght to possess to fit it for iise is a voltaic 
TMgement ; such as the power of freely conducting an electric 
irrent, of keeping a bright surface, and nut becoming oxidized j 
me of which properties belong to lead. Could that metal be kept 
om oxidizing, a very powerful current of electricity might be o' 
tained by using it with zinc ; but its surface soon gets coated v 
an oxide possessing none of the properties nl \\\b TaaX.'iA, s.ii!i.VE« 
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the arrangement becomes zinc and oxide of lead, which prodneei' 
bat a weak current of electricity. These remarks refer to any metd 
that is subject to oxidization — an incident which is often a sonrei 
of annoyance to the electrotypist when using copper plates. 

Lead slightly amalgamated, and used as the negative metal widi 
zinc, produces a very constant current for a time. 

Lead is also a very bad conductor of the electric cnrrent, whid 
renders it unsuitable for an element in the battery, the negative 
metal being considered as only acting the part of a conductor : lbs 
property materially afifects the available power of an arrangement 

The following table shows the relative Conducting power of the 
respective metals : — 



Silver . 


120 


Copper . 


120 


Gold . 


80 


Zinc 


40 


Platinum 


24 


Iron 


24 


Tin 


20 


Lead 


12 



We have just stated that a battery composed of zinc and platinum 
will be more powerful than one composed of zinc and copper, so fer 
as regards their negative and positive tendencies ; but so much does 
the conducting power of the negative metal affect the practical use- 
fulness of a battery, that notwithstanding the fact that platinum is 
much more negative than copper, there is so much of the effectiYe 
electricity expended in overcoming the resistance which the inferiof 
conductibility of the platinum offers to the progress of the current, 
that a battery of zinc and copper proves to be a more effective and 
useful battery for electro-metallurgy than one made of zinc and 
platinum. Hence also the reason that iron and copper, or iron and 
any other metal, make but an indifferent battery — iron being a bad 
conductor ; while lead, which will be seen in the table, stands lowest 
in this property, is therefore unfit for batteries. 

In fitting up a voltaic arrangement with a negative metal that 18 
not a good conductor, such as platinum, the closer it is placed to 
the exciting liquid, in connection with another metal that is a good 
conductor, the better ; because the current obtained will be the morB 
effectual. 

The following experiments will illustrate these re-marks with i 
few of the common metals used as negative electrodes. There w&tf 
in each battery, six square inches of each metal exposed to the actioa 
of the acid, which was sulphuric acid diluted with 25 parts of water. 
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The poles were of the same size, of copper, placed in sulphate of 
copper; and the quantity of copper deposited was taken as the 
data, each trial being of a different length of' time : — 

First, in action half an hour. 

BATTEBT. DEPOSITED. 

Tin and zinc » . . . 1*7 grains. 

Copper and zinc . . . 1-8 " 

Platinum and zinc . . . '5 " 

Platinized silver and zinc . . 2*0 " 

Second, in action two and a-half hours. 

Tin and zinc . . . .5*9 grains. 

Copper and zinc . . .8*8 " 

Platinum and zinc . . . 4'5 " 

Platinized silver and zinc . . 9*7 *' 

Third, in action sixteen hours. 

Tin and zinc .... 64*5 grains. 

Copper and zinc . . . 50*5 " 

Platinum and zinc . . . 43*0 " 

Platinized silver and zinc . . 67*3 " 

From these few experiments it appears that tin and zinc, when 
used for a long time, constitute a very effective battery. It is 
very constant in its action, and thus suited for time. It stands 
next to platinized silver. The whole, in nineteen hours, gave re- 
spectively — 

Platinized silver . . 79* grains. 

Tin . . . . 72-1 " 

Copper . . . 61-1 " 

Platinum . 48*0 " 

BablniTtoii's Battery. — If we look back to the description given 
of the voltaic pile (page 1), and the improvement made upon it by 
Craikshanks, we perceive the relation they bear to the pieces of 
copper and zinc mentioned in page 24 ; but the relation is more 
apparent in Babington's improvement upon Cruikshanks* battery. 
When working with this battery, it was found that the energy of 
the battery did not depend, as was supposed, upon the extent of 
surface of the zinc and copper which were in contact, but upon the 
extent of surface of these metals in contact with the liquid with 
which the battery was excited ; and that it was s\if^ck\\t\^\fcA'L\\sR. 
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and copper touched each other in a riogle point 

th&t the pistes 
plunged into the t- 
quid, >ud that tbi 
.*S . . ^' .vz±^ ~' -*^ copper plate sbonH 
" tlirfj'yj^ be exactly opposili 
[' , n\ to a rinc plate > 
the same cell, i 
' space being betweci 
them. Hence, lo- 
stead of eolderac 
the zinc and copper 
c. 7. together, s£ Ur 

Cruikshariks did, it was enough to effect a contmuDicatioD bj turning 
over a portion of the cop[)er plate at the top, and solderiug it to tta 
upper extremity of the zinc. Thus— c, the copper, ia bent over to 
tonch and be soldered to the zinc plate z. For this airangemen^ 
the wooden trough was divided, by plates of glaaa or Tarnietied 
wood, into as many cells as there were pairs of sine and coppa. 
The cells being filled " 



icid, or exciting solu- 
tion, the metals were then 
placed into tliera in such a 
manner that each pair of 
zinc and cupper plates had 
a partition between. By 
this arrangement the zinc of 
one pair faued the copper of 
the next pair in the cell, as 
shown in figures 7 and 8. 
The former represents the 
plates immersed in the solu- 
tion; the latter, the plates 
suspended on a rack over 
the solution. This arrange- 
ment was termed Babing- 
ton's Battery. 

TFaliuMn't BatteiT' — Although we have spoken of the great valne 
of amalgamated zinc for batteries, still at the period when the 
arrangement just described was introduced, amalgamation was not 
known; and the zinc plates were, therefore, always liable to be 
destroyed by the acid. It was, consequently, of importance that 
no zinc should be exposed to the action of the acid that was not 
calculated to give electricity, as the energy of each pair of plates 
depends npon the estent of surface of the two metals exacili/ oppotite 
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I eodi other. It will be eTii^ent that in Babington's arrangement 
tie of the zinc was effective in giviug electricity, white 
nth Eides were exposed to the action of the acid. To obviate tbia 
pfect, Dr Wo Hasten 
the copper 
|ftte to mrround the 
by which the 
^ole Burface of the 
led to the 
|Sd was made effec- 
producing 

mcity, and thereby doubling ite quantity without further cost. 
!he accompanying figure (Jrg. y.) shows the manner in which this 
bttery was originally constructed. 

[ This improvement, if we except severa! modiGcations of constrnc- 

Q for the facihty of taking the plates asunder for cleaning, &a.^ 

i all for this kind of battery that could be done. 

f Vodlflcatlon of Wnllaatiin'a Battery now in use. — Wollaston's bat> 

is still generally used in large factories for depositing metals ) 

pd it is found by experience to be the most convenient and ecoao-' 

"fcal of all the batteries yet contrived. The modiQcation we have 

rand to be very suitable, and practically useful, may be thus de- 

iribed. In the arrangement represented above, when amalgamated 

ised, small quantities of amalgam fall from the zijic plates 

jpon the copper, which not only occasion local action, but the mer- 

B&ry amalgamates with the copper, spreads over it, and to a great 

ktent lessens its efGciency ; and as the copper must be made red 

ipt to expel the mercury, much loss of copper as well as mercury ii 

result. To obviate this defect, 

e copper is connected above the zirLc 

kd left open at bottom ; as, for ex- 

np!e, a thin siieet of copper, of 

mensiona acoording with the size of 

e cells in the battery, is cut thus : — 

B copper is bent in the middle at b, the ends a a dip into the 

i, while c is bent over to connect with the zinc plate of the 

ibonring cell, thua- 
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The zinc plateg are pieced between the bent copper a a. Thsfct 
lowing (liaKrara of a battcrjr of Bcveml pain oTi^Us will iDnstiw 
these obHervatioHB : — 

zzzz, The zinc 
plntcH. 
c f; c c, Copper 

]l1lltC3. 

ITI-, PartitionB of 
trnnKli, which are 
fcencrnllj made of 
thin wood. 

tFic, WireBfrom "^ 
hatterj'. 18, 

The zinc and copper are connected toother by a binding 
To construct this battery the zinc plates are pnt in first, being mi* 
to slide in groovef, cat in the sides of the trongh, the plates Btsai 
itig in the centre of tlieir renpective cells : the copper plates are p* 
in, and the copper bands marked e are mode fast to the ziucsH 
binding screwfi, caro being taken that the parts wh«r« they are «» 
nected are clean and briglit. and that the copper and zinc. toacliH 
where else, A battery of nine pairs of phttes can be fitted ap id 
made ready for action in ten minntes. 

In fitting up batteries of tliis sort, we are aware that sometinis 
great care is taken that the partitions in the trough be perfeclh 
water-tight, and also formed of some n on- cond acting material, smi 
as glass, or of wood, either pitched or saturated with some noo-iw 
ducting substance ; but we have found in practice thnt these pf 
cautions are not required, the principal thing to attend to beii| 
thnt the melals should not be allowed to touch, except in tiMr 
proper conneetions. 

Defeeta at cammon Arid Battcriei — Althongh ve have Bpola 
thna favourably of the principles upon which WoUastou'a batterjk 
constructed, still as a philosophical instrument it is far from beo( 
perfect : hence the many modifications of it which have been recow 
mended. Indeed, electro -chemists, since the tune of Volto, iait 
been endeavouring to invent an instrnment free from the defecB 
which attach to Wolloston's — one capable of giving, at the 
time, a constant and powerful current, abundant in qoantity, andd 
great intensity. The success and results of these endeavours areio 
closely connected with the art of electro -metallurgy, and the know- 
ledge of them is bo essential to a Euccessfnl proBccntion of the at, 
that we must not be sparing in oar descriptive detfuls. 

In operatinic with a WoUsston'e battery, or any other arraui 
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kiposed of similar eleraents, snch as ziac, aiilphiiric or mariatic 

and copper, silver or platinnm, it will be found that the 

hrent of electricity obtaioed diminishes in quantity and strength 

broportion to the time of actioD. This is the result of Tarions 



BBt. The hydrogen which is evolved at tlie surface of the negative 
Eftl in the battery, whwh ne shall say is copper, adiieres with 
'■; force to the suiface of the metal and consequently 
lltrncts its superficial influence, "io that the quantify of electriijity 
uch the surface of the two metals is cah ulated to give is much 
pened. 

After the batteiy is in actun a "ihort time, a portion of the 

tte or chloride of zinc, formed in the battery by the solution 

Efae zinc, becomes reduced upon the surface of the copper. This 

■action is sup]>oaed to be owing to the elect rolyzation of the zinc 

Tation by the passage of electricity, bnt it is, more probably, caused 

a galvanic action npon the copper plate and the solution in the 

teiy. It generally begins at the lower edge of the copper plate^ 

el spreads upwards. This weakens the electric current, both by 

icing a galvanic action between the zinc and the copper, upon 

' ' a deposited, aud by its tendency to send a current of eleo- 

Ibity in an opposite direction to the main current, thereby neatra- 

Jng to a great extent the original power of the circle. 

ild. When copper is used it becomes gradually covered ovet with 

thin, black, slimy coaling of oxide and other impurities, which 

HteriaUy atfecis the regularity and strength of the current : tliis is 

loarce of considerable annoyance in working, and necessitates a 

■ular cleaning of the coppers, wiiicii should be done immediately 

Bbdng taken out of the battery, by brushing with a hard hair brush 

Kwater ; but when the battery has been long in action, this mode of 

^amng is iusuSicient; the plates will then ^ require to be rubbed 

r with a tittle dilute nitric acid, and then washed. It' the black 

kting be allowed to dry upon tbe coppers, they must then be 

J into strong nitric acid till their surfaces are acted upon ; or 

fcy may be moistened with a little urine, then brought to a duJl 

1 in the fire, and immediately plunged into water ; but in both 

3 there is a loss of copper. A small quantity of the black 

fetter, upon being tested, gave oxide of copper, with a trace of 

fa, antimony, and lead, which are the general impurities of sheet 

toper. 

■ Mas, Duke of Leuchtenherg,' has given the following results of 

riogrcss of General Scii;iiCE,\D\.\\. 
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an analysis of the black matter foand upon the copper plate form- 
iug the positive electrode in a copper solution. 

Sand ...... 1-90 

Antimony ..... 9-22 

Tin 8860 

Arsenic -.-_-- 7^0 

Platinam 0-44 

Gold 098 

Silver 4-45 

Lead .-.--. 0*15 

Copper ...... 9*24 

Iron .-.--. o*8'i 

Nickel «-«6 

Cobalt 0-86 

Vanadium ..... 0*64 

Sulphur 2^6 

Selenium ..... i<37 

Oxygen ..---- 24'82 

99*98 

An analysis of this sort invests the subject with great interest 
We wish there had also been given an analysis of the copper thit 
was used as the electrode, and the quantity of black matter ob- 
tained, and the quantity of copper dissolved to yield that prodnct: 
for the analysis indicates an amount and diversity of impurities in 
copper that has never hitherto been thought of. Both the number 
and the proportions are startling. However, it is a known fact, 
that the more impure the copper is that is used for a pole, the black 
matter is not only more easily, but more abundantly produced. 

Another source of weakness to the electric current, and whidi 
affects more or less all batteries of whatever construction, arisei 
from the action of the acid upon the zinc. The more freely tfaii 
action is allowed to proceed the more constant and powerful is the 
battery. The acid in combining with the zinc forms a salt, whicfai 
if it adhered to the surface of the plate, would soon stop further 
action ; but this salt being soluble in water, is dissolved from the 
surface of the plate as soon as formed, allowing a new surface to be 
exposed. But water can only dissolve a certain quantity of the sai^ 
and its power of dissolving decreases as it approaches to the limit of 
saturation : hence there is a constant tendency to a decrease of 
power in the battery, and if means be not taken to withdraw the 
salt of zinc formed, the battery will continue to decrease in power, 
till at length it ceases to act. But long before the battery ceases to 
act, the presence of sulphate of zinc manifests itself in several ways, 
neutralizing the efficacy of the battery. The zinc salt, as it ifis- 
solves from the plate, being heavier than the acid solution, falls to 
the bottom ; hence in a very short time the solution is formed of 
strata of different densities, and this induces a galvanic action be- 
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reen Ihe lower and njjper portions of the plates, both copper and 
mc, and Beconnts for the deposition of ssinc on the bottom part of 
(he plates, as above referred to. This local galvanic action between 
the bottom and top ports of the zinc plate is sometimes ko great when 
the battery has been lon^ in action, as to double the thickness of 
the zinc plate at bottom, while the part near the snrface of the solu- 
tion is nearly penetrated by the acid ; and when a battery is formed 
of a nnmber of pairs, the terminal zincs are those most affected, the 
one forming the negative terminal or pole more so tiian the other. 
We have found a deposition of SJ ounces of zinc upon the two lower 
inches of a plate terminal, which measured, iu the solution, six 
inclies by five, the battery having been iu operation but eighteen 
lionrs. When this occurs, the qnautiiy of electricity circulating 
through the battery is very small. Although this evi! may not 
proceed to the extent of having quantities of zinc deposited npon 
the bottom part of the plates, still the tendency to deposition which 
every one who employs a battery must have observed, as also the 
more rapid action of the acid on the upper parts of the plates, shows 
that the action of the acid over the surface of the plate is very irre- 
ffular, and consequently the quantity of electricity must be irregular 
' e same degree, often producing iu the battery an intermittent 

Bfarious means have been devised for removing the sulphate of 
!, and adding corresponding quantities of new acid water ; the 
i simple and effective of whicli, according to our experience, is 
BBftke the battery trough much deeper than is required for the 
I, which may be supjiorted either by grooves in the side of the 
f&ngh, cut to the proper depth, or by a fillet of wood, or perforated 
false bottom ; so that the zltic salt when formed may fall under the 
plates, and thus a much longer time elapse before its presence pro- 
dnces any decidedly bad effect. 

There can be no doubt, wo think, that some easy means will yet 
fcdfi'rised for carrying off the dense solution of sulphate of zinc, 
" Bs to the plates, and for replacmg it by add water from 
i, thus giving to the battery a uniformity and steadiness of ac- 
t it does not at present possess. There have been many ingeui- 
Scontrivances tried for this purpose by the amateur, but we have 
o simple and economical for ni an u fact u ring purposes, 
iftt referred to, 

■ BKttciT. — A few years ago, some of the disadvantages 
f detailed were to a great extent overcome by a very ingenious 
Ingement discovered by the late Professor Danieu., Tbe dis- 
pry eonsista in the separation of the zinc from the cop]>er by a 
1^09 diaphragm, such as bladder, uriglnzcd porcelain, &fi,,'ft»A. 
pose of two distinct fluids. The yorllon o^t\\e\ia.\,Vet^ cttvA.'iw^ 
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Ing the line Is charged with dilute acid as before, bat the portion 
coDtiuning the copper is filled with a Bolutioti of snlpbate of copper. 
I'he action in this batter; is similar to tliat described in the ordin- 
ary battery : the zinc is dissolved by the acid, but the hydn^en, 
instead of being evolved at the copper plate, combines with the acid 
of the salphate of copper: metallic copper is thus set at libertj 
upon, and combines with, the copper plate of the botiery, not <hi1j 
maintaining but improving its surface, during the evolation of i 
constant current of eJectricity. From the con- 
stancy of the current moiatained the batterj 
has been termed the Constant Battery. The con- 
struction of a single pair is described by Pro- 
fessor Daniell in the following terms : — 

"A cell of this battery consists of a cyKn- 
dcr of copper Sj inches in diameter, which 
experience has proved to afford the most »d- 
I ^^^P vant^es between the generatintf and condnct- 

j^ ing surfaces, but which may vary in height 

according to the power which it is wished to 
obtain. A membranous tube, formed of the gullet of an ox, is hong 
in the centre by a collar, and a circular copper plate, resting nponi 
rim, is placed near the top of the cylinder, and iu this is suspended, 
by a wooden cross-bar, a cylindrical rod of amalgamated ziuc, half 
an inch in diameter; the cell is charged with eight parts of water, 
and one of oil of vitriol, which has been saturated with snlphate of 
copper, and portions of the solid salt are placed upon the upper 
copper plate, which is perforated like a coUander for the purpose of 
keeping the solution always in a state of saturation. Tlie intenol 
tnbe is filled with the same acid mixture without the copper. A 
tube of porous earthenware may be substituted for the metnbraiM 
with great convenience, but probably with some little loss of power.' 

A number of sach cells may he 
connected very readily, by attaching 
the zinc of the one to the copper of 
the other, and (ns shown in ^. 15) 
thus forming an intensity arrange- 
ment of great power and constancy. 

This arrangement of battery is 
eminently suited to all kinds of elec- 
trical operations, and it may be ^'^ 
borne in mind that it was by operating with this battery the lAet 
of electro-metallurgy first occurred. In this battery we see thit 
the evils arising from the slow liberation of the hydrogen from the 

' Danlell'* Chemical Philoaophy, M t.ai<.iQn, IfMS, 5. 50J. 
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irrace of tlie negative metal, and the deposition of the zinc upoa 

i copper, and also tlie blackening of the surface of the copper, 

Garmoanted. Nevertheless it is not used to any extent 

i the art of electro- me tall uryijr, it being mneh ie&s ecconomicaj 

no the ordinary batteries, from the quantity of cop])er salt 

Bary to keep it in a working couditiou, aud from the necea- 

tty of Bsing porous diaphragras, which speedily wear out. If the 

Iftphragm ia made of animal membrane, the acid very soon destroys 

■; and alihoagh unglazed porcelain lasts a little lunger, the acid 

e upon the alumina, so that after a few days' working the dia- 

ragm becomes too porous; and ifthe zinc plate touches the poroos 

seel, a circumstance very difficult to avoid, there is very soon 

rmed in and npon the porous surface a deposit of copper whick 

Beedily renders the cell useless, besides producing a loss of copper. 

■he saturation of the zinc solution, already spoken of, not unfre- 

pently produces the same efl'ects — the saturated portion of the bot- 

D becomes reduced by the local action, and thus often a minute 

int of metallic zinc touches the cell, and forms a nucleus for a 

tposit of copper upon the porous cell, which spreads over the sur- 

Ece very rapidly. There are always pieces of amalgamated zinc, 

■e GiiQ Ecalet^, falling to the bottom of the cell, which also form 

bclei for the deposition of copper upon the porous cell. 

I After the cells have been some time in use, if they are laid aside 

fad allowed to dry, they are very liable to break. Care should ba 

^en to keep them in clean water till the salts within the pores are 

dissolved out ; but if this precaution is takeu they may be preserved 

for a long time if only used occasionally. 

The remarks upon the ecconomy of the arrangement just described 
have reference to its use as an iuBtrnmeut, or separate battery, for 
the deposition of a metal in a separate cell (decomposition cell); but 
not to the arrangement known in electro metallurgy as the simjle celt 
process, which is simply a modification of one pair of Daiiieira ar- 
rangement; a description of which, with ith comparatue eecoiiomy, 
will be given in another part of this treatist 

Professor Daniell says that any depth of cell may be used accord- 
ing to the power required, but this cannot be done with equal 
advantage, for a large surface of zmc in a cell ia not the moat eco- 
nomical, when a great quantity of electricity is required. ' 

GroTc'tt Baticrr. — Another battery, constructed upon the same 
principle as Uaniell's, but differing in (he arrangement of the metals, 
Olid the substances used to excite them, was iuvented by Mr Grovb, 
aud is known as Grov^a Battery. In this arrangement, platinum ig 
used instead of copper, and strong nitric acid instead of the sulphate 
of copper of Dauiell's battery. One pair may be fitted up 
venieotly in a tumbler or jelly-pot. A cyliudec of iia*i \a ■^i 
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inude the tumbler ; within this cylinder is placed a porons Tessel, ll 
which is a slip of platinDm, either in sheet or Toil ; the porow Teml 
is filled with strong nitric acid, and the tnmbler with ^ote snliAft- 
ric acid : a wire is next attached to each metal, and the battory ii 
I complete. When a series of pain is to be nn4 
the form we have fonnd most convenimt ]i ts 
arrange the metals in the same manner aa we ban 
deecribed for Wollaston's trongh (page 88). 1i» 
zinc is formed in the same shape as shown bj tg. 
16. The zinc is placed in the cell of the troogb, 
and the porons ressel which ahotild he fiat ii 
IB- placed within the zinc, so that the platinmn in ft 

may be connected with the zinc of the oeighboaring pair, un- 
presented in figore 17. 

zzz, Are the zinc plates 
of the form of figure 16. 

aaa, Porons cells filled 
with nitric acid. 

ccc, Plates of platinnm 
nnited to the zbc at top by 
bindii^; screws. 

pp, Are partitions. The 
divisions of the battery 
trongh need not be water 
tight, bat merely such as will prevent the zincs from touching oh 
another. 

It will be seen that by this means any number of pairs may bi 
easily arranged. Care, however, mast be taken, when fitting np 
snch an arrangement, that the platinum be kept closely connected 
with the zinc by a large sarface, otherwise the platinum will b< 
fnsed at the connections. A flat piece of wood, with a groove to fit 
the ziuc, is often made the means of keeping the two metals together, 
bat we prefer flat binding screws of brass, for if kept clean they assist 
the connection, being good conductors. The fusion of the platinnm 
connections, a practical and often expensive annoyance, may, 
however, be completely prevented by coating about half an inch of 
the end of the platinum, either with copper or silver, which is easily 
effected by the electro-process : the coated part is then connected 
with the zinc by any convenient means without the risk of fusing. 

Figure 18 represents a section of Mr Grove's nitric acid battery, 
in a series of four pairs of zinc and platinnm. The onter thick lins, 
A B c D, is an earthenware trough, which is divided into four cells. 
The dotted lines represent four porons vessels, of a size sufficient 
to contain about donble the qnantity of hquid that is contained 
between the outer sarfaces of the porons vessels and the earthenwan 




grove's batteet. 



the plates of amalf!;amated z 




I The dark central lines 
BB tliinaer lines, that 
I round nnder thd 
u cells, show the 
pon of the platinum *" 
Irluch is attached to 
Mnc plate by small 

hte form of battery 

B free from some of 

uectionB to the com- 

toattory, but it la 

pB or never nsed in 

(dinary processes of 

lO-metallDrgy, Its 

jltagea over every 

f known form of battery are, its great activity of action, and 

t&ty or power of current — a circumstance not generally sought 

i^ electro-metallurgists. But if it were duly considered that a 

(ty consisting of three pairs of zinc and platinum is far more effec- 

fUm an ordinary battery of ten or twelve pairs (althongh the 

pnta of its construction are more expensive), it would stand a fair 

Kof being adopted as the more economical battery of the two. 
porous cells have not the objection of being closed up by the 
IBitiou of metals upon or within them ; bat they are affected by 
keida, and by long working they become too porous, the nitric 
teassiog through and cansing rapid destroction of the zinc. It 
I the constancy of Daniell'a, its quantity decliniug rapidly when 
^ action — one feature we have often experienced which we 
not seen observed by other esperimenters. When working 
V Grove's battery of from eight to twelve pairs, the platinum 
tax inches by seven inches, after the battery was in action for 
t five hours, during which it diminished in qnantity gradually, 
4 sudden it seemed to recover its energy, giving a quantity and 
r not much less than it gave iu the Brst hour, and then declined 
rapidly, but occasionally renewing its vigour for short periods. 
ikre thought it proijable that this reaction may be caused by 
maation of nitrate of ammonia in the rapid decomposition of 
nllric add during the first action of the battery, which, as It 
" il4teB, may be reacted upon. 
prevailing and permanent objection to the use of this ar- 
ent, not only for manufacturing purposes, but for many 
lental purposes, is this, that it emits nitrons fumes which 
everything wilhiu their rencli, and prove very disagreeable 
person breathing- Iheni, For a smaW sui^Xe \im yl 'S.tw*!* 
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battery it is very conyeiiient to use a circular form, ia wbieh ease > 
little cylinijer of wood, bored so tbat its Eidcs be abont ^th of an 
inch thick, does well for a poroaa ceU, and will last a long time. 

Bunaen's Battrrfi is a modiScatiou of Grove's, and much nsed on 
the continent for electrical purposes. Carboii is used instead of the 
platiDum, and for couveuieuce it is (f enerally made cylindiical. Tbg 
mode of coastructioii is to form a hollow cylinder by coking poimdid 
coal in an iron mould, then soaking the coke cylinder in a Rolatiofi 
of sugar and calcining a second time, which gives great compactnen. 
The porous cell containing the zinc and dilute acid is placed in thii 
cylinder, and the whole put into a glass or stoneware vessel charged 
with nitric acid ; of course the coke cylinder and zinc are connectMi 
and thus the battery is completed.' Nitrous fumes are elvoTedfrffln 
this battery also. 

Smec'H UMttrj. — Some of the defects in tlie common battery of 
z.inc and copper were much lessened by an ingenions contrivance of 
Mr Alfred Smee. This gentleman had observed that if the copper 
plate of the battery be roughened, eillier by corrosive acids orllj 
rubbing the surface with sand paper, its action was made much men 
efficient, the rough surface evolving the hydrogen mueli more fre^ 
Taking advantage, therefore, of this principle, he covered platinom 
foil with a fiuely divided black powder of platinum, deposited bj 
electricity from a soiutioii of that metal, and nsed this in place of tbt 
copper in the ordinary battery. Instead of platinum foil, Mr SowS. 
soon after adopted silver foil, which is much less expensive. Th* 
method of preparing these plates is given by Mr Smee as follows'.— 
" The silver to be prepared for this shonld be of a tbickness sufGdeit 
tocarry the current of electricity, and should be roughened by brost 
iug it over with a little strong nitric acid, so that a frosted appearance 
is obtained. It is then washed and placed in a veiisel with diloH 
sulphuric acid, to which a few drops of nitro- muriate of platinoS 
ha,s been added. A porous tube is then placed into this vessel wilt 
a few drops of dilute sulphuric acid ; into this tube a piece of ziM 
is pul, contact being made between the sine and silver ; the platinOB 
will, ill a few seconds be thrown down upon the silver as a black 
metallic powder. The operation is no w completed, and the platiniM"! 
silver ready for nae."' A simple method, which obviates the useol 
a battery, is thus described ; lay the silver between two pieces w 
sand paper, and press it with a common smoothing ii-on, then pnU 

' A more simple and Isss expensive modificutioTi of this arragament, U^ 
pnt a Bollil bHr of carbua or euke into a purons cell flitec! willi nitric xM 
wbicli is placed in a alone ur glass jar Ulled with dilute sulpiiuric uid, hnm 
a cylinder of zinc surronnding the porona cell, leaving about one inch of *piW 
between the porous cell and ilnc, similar to a Daniell's, forming a modlficaB* 
of Orove'K, having carbon instead of the platinum. 

* Siaee'a Elements of Electru -Metallurgy, 3d edition, p. 24, 18-13. 



SioiE*8 bAttebt. 



43 



tbe Bilver out while under the pressure. The platiaum solution is 
made very hot, and the silver dipped in it for some time, wbieh 
effects the coating. 

The nil.ro-ranriate of platinnni is easily prepared : take one pari 
of nitric acid, and two parts of hydrochloric acid (muriatic acid); 
mix together and add a little platinum, either as metal or sponge ; 
keep the whole at or near a boiling heat ; the metal is then dijisulved ; 
forming the solution required. 

Several experiments have been tried with a. view to substitute a 
cheaper metal than silver to deposit the platinum upon, but not with 
much BnccesB, Cheap metals have also been coated with silver by 
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the electro -process, and then used for depositing the plat 

The most succesBful is a composition metal 

nude oF tin, lead, and a little antimony, rolled 

iiilo sheet and plated by silver ; this was fouud 

very convenient, because it could be easily bent I 

inio any required shape, and it keeps its plaie I 

without the necessity of fixing in frames as ! 

required by thin silver; nevertheless, for cou- 

Btant work these plnies are found not to present 

otiy permanent advantage, and have been aban- 

liuued; besides, to give a sufficient coating of 

silver, becomes as expensive as silver foil. 

Mr Smee, in constructing his battery, has 
l*en guided by the expense of the silver, and 
'lif-'refore revei-ses the order of arrangement 
I'liroduced by Wollaslon, by surrounding the '^■ 

Hatiiiized silver with the zinc. Fig. 19 represents a smgle cell of 
'Ills form of battery, a, is the jar containing the solution, z z, 
'lie two amalgamated zinc plates, s, the platinized silver plate. 
Tke whole are snspended by a cross bar of wood ; and as it is es- 
■'-iitiaj to the proper working of the 
''iilcry that the plates be always 

iiiillel to one another, the wooden 
iiame is generally extended round the 
tilge of the thin silver piate, though it ^ 
IB uot so represented in the figure. | 
One of the clamps at the top of the I 
"nodcn bar is connected with the 
platinized silver plate, and the other *"■ 

Hh the pair of zinc plates. Instead of a glass or stoneware jar, 
*in»]l square troughs, made of gutta percha, are often used for the 
nwee's battery, as they suit admirably, and are not liable to break. 

When inlermty of electricity is required, it is necessary to use b. 
f such cells, which may be arranged in o.-KHQiEo.Uvffiia^Na. 
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the manner shown by fijrnre 20, where a 6 represent the 
of the battery, and c c the wires by which the cells are 
with one another. 

A superior form of eompoiind Smee'a battery, contrived 
land, ia represented in fignre 21. In this apparatus tt 
bU connected to a frame that can be elevated or depressed by _ 
of an iron rod and rachet wheel, bo that the plates may be dllW 
partially or entirely immersed jn the solution, or raised at pleagnrt 
ont of it. The connections are bo contrived, that by a slight alteri- 
tion the battery is adapted to afford either quaiititii or inteneitg i 
electric power. It is usually made to contain six cells, any uumbir 




of which can be used at once that a given process may require. TSt 
exciting fluid is contained in an incorrodible stoneware trough, pl&ui 
in a mahogany box. A battery of this description, each silver [flift 
of which measures 20 square inches, bos sufficient power, wW 
decomposing water, to disengage one cubic inch of mised gasesit 
50 scconck, and will heat to redness 4 inches of platinum wire. 

Letter b in Bgnre 21 represents an apparatus for showing ttl 
decomposition of water into oxygen and hydrogen gas by the voltul 
battery. 

It will be observed in Smee's arrangement that there aretw* 
Borfaces of zinc, in every pair exposed to the acid, which do not gi« 
off any electricity, bnt when long in use are much acted upon, form- 
ing a consideration of some value to a manufacturer. 

The silver used is very thin, and liable to crack when taken froa 
its frame, and therefore cannot be made into different construction 
of battery in the same manner as we can do with copper. It is d<f 
lial>le to have zinc dcpoGited upon its sarface when long in actiaii>- 
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Riere is, we believe, no arraDgenient of battery better known aod 

insed by amateur electrotypists than Sinee's, and there are pro- 

gr none better adapted for email operations ; bat it has not been 

Mnced to any extent in the factory. When nsed in series, the 

kntBges it posseBseE over Wollaston's do not connter-baJanue the 

5 iBbour and expense atteniling its nse, and many who ha^e tried 

'"" e operatiooe of the factory haye for these reasons given it np. 

merous modifieationa of these different batteries have been 

sed from time to time, intended for different objects, bat those 

II embrace all that are used for eleelro-metallnrgical purposes. 

I to the apparent advantages of certain forms of battery, the 

(ring may be referred to : 

Bjutar;. — The fact that when a piece of copper and a piece 
e imbedded in the earth, and connected by a wire, there is 
hrrent of electneity obtained from them in the same way ts if 
Q placed ui any battery troegh, instantly snggested the 
lication of the earth, or nliat is termed an earth battery, to the 
S of depositing. \Vc need hardly say these trials were with- 
The electneity obtained in this way is very weak, 
ing wholly upon the moittnre of the earth, and the arrangement 
j; therefore simply a water battery. We have made electro- 
fa by this means, and abo plated small articles, hut the action or 
irilicm is very slow. We have obtained a greater amount of 
"ve minnteB from one square inch of zinc and copper 
i in dilnto sulphuric acid, than from four fctt of zinc and 
r placed in the earth in the space of an hour. An earth 
id to deposit from 160 to 200 ounces of silver per 
twould require acres of land. 

\ this as in all other forms of battery, the deposit is in relation 
lO Bine oxidated in the battery; there would, therefore, be no eeo- 
~a nsing the earth battery, and to lessen the amount of snrfaco 
fired by an intensity arrangement would not alter the law, bnt 
tLer add to the expense, as it would require upwards of 1 00 pairs 
ill the earth to be equal to 3 or 4 pairs of Wollaston's for the object 
rf dq)ositrag; and would thus be adding to the cost of depositing 
one hundi'ed times tlie equivalent of zino instead of four times its 
equivalent. 

MBEnFto-Ei«ctric iHaciiiDe. — Several years ago, Mr Woolrich, of 
IJitmiiigham, patented a discovery for applying to the deposition of 
melala the electricity obtainedfrom magnetism or the magneto-electric 
corrent, instead of voltaic electricity. We have never had an oppor- 
tunity of operating with Mr Woolrich's machine, nor of seeing it 
in operation for the purpose of deposition. We cannot speak of it 
from experience ; but, from a statement made at the meeting of the 
British Association in 1850, by Mr Elkington, of Bit!oi'ft£lM.-a\,-«Vti 
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is the proprietor of the patent, and a gentleman of most extenabt 
experience, it would seem that he had up to that time neyer ben 
induced to give up the ordinary battery in favour of magnetism, or of 
other suggested improvement. We understand, however, that tUi 
means of obtaining the electricity for the purposes of electro-metit 
lurgy has recently been much improved by forms of magnets, it, 
patented by Mr Millward, and described by him as follows : — ^Tk 
first branch of the improvement is carried into effect bj the ai- 
ployment of an electro-magnet, formed by a current of dectridtf 
produced from an magneto-electric machine, instead of that generated 
in a voltaic battery; and such an electro-magnet may be very adnt 
tageously used for magnetizing large bars of steel, or for prodocfag 
very powerful magnets. Any of the known forms of magneto«^lect06 
machines will serve thus to convert a bar of steel to an ele<;tn>> 
magnet, but the patentee prefers to use one composed of four, eighli 
or any other number of permanent magnets, having doable tha 
number of armatures, and coiled with strong wire of about 60 feet 
in length. The machine about to be described has been found ti 
answer well in practice. In this machine the steel magnets an 
composed of eight plates of a U form, weighing about 30 lbs. eaA 
plate, and there are eight such compound magnets, all the wA 
poles of which are arranged on one side of the machine, and tto 
south poles on the other side, although this precise arrangemeptii 
not essential, and may be varied. The armatures are of soft iroi^ 
weighing. about 15 lbs., and are coiled about with 60 feet of co]^ 
wire, of No. 4 gauge, and insulated in the usual manner. The armii* 
tures revolve in a brass wheel, and are caused to pass as near to tin 
poles of the magnets as practicable, the commutator or break actiif[ 
on the whole eight magnets at the same instant, so that the current 
of electricity shall always pass in one direction, and the surfaces ofth« 
whole of the 64 plates be in combination at the same time. Tte 
bar of soft iron used as the electro-magnet with this machine weiglv 
about 500 lbs., and is coiled with bundles of about 30 copper wirei 
of No. 16 gauge, and about 60 feet in length (the bundles are formed 
by binding a series of uncovered wires together into one covered 
strand or bundle), and the power of the electro-magnet will depend 
upon the power of the permanent magnets used in the machine, both 
as to the weight it will support from a keeper, and as to its capabi- 
lity of rendering bars of steel permanently magnetic by contact there- 
with. It will, therefore, be evident that by having two sets of tiie 
permanent magnets, and changing them in such machine, their sop- 
porting power may be increased by continued charges or passes froB 
the electro-magnet thus produced. In one form of electro-magnetie I 
machine represented and described under the second head of the I 
invention, the steel bars or permanent magnets are eight in number I 
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fchest bars may be of cast or soft iron, but when soft iron is employed^'. 
■re of steel permanently mngnetized will hare to be used in coo- 
n with them), of a IT form, and arranged around a circle with 
r polea pointing towardB the centrp. Each ai-m of eath of the 
gnetB has attached to it straiglit bars of steel, also rendered per- 
inently magnetic (of wliicii any desired nnmber, and of any iengtli 
■ se, may be employed, according to t!ie strength of magnet re- 
red), which are bo placed as to be out of the influence of the 
DiatnreB when the latter are revolving. The polea of the U-shaped 
hBgnets are, on the contrary, as nearly as possible in contact witl) 
le armatures which revolve within the circle formed by them, 
tther between the poles or in front of them. Instead of the bars 
ybich form the circle being of steel and mngnetized, they may be 
lade of soft iron, and depend for their magnetism upon the magnetic 
s before-named placed around them. In another form of machine, 
.h the magnets and armatures are stationary, and the commutator 
lone has motion between tiie poles of the horse-shoe maguets and 
B armatures being monnted on a spindle and caused to revolve by 
3 from some driving machinery. Tlie commutator, or break- 
|ece, is composed of a brass centre, with fonr radial arms of soft iron, 
d or formed of two or mare plates." — See JlepertoTy ofPa- 
mt Inventions., vol. \8A,for 1851, ond Sketclies therein. 
I The quality of these machines for depositing depends much upon 
' : Bustaining power. Eight of these sets of plates or magnets, 
aining altogetlier about 12 owt. of sleel, in a proper state of 
torkiDg, are said to form a battery capable of depositing from 12 
~0 ounces of silver per hour, but it is not stated, however, upon 
hat extent of surface this takes place. The relative economy of 
e magnets over the galvanic battery has not been so great as 
b recommend their general adoption. We have, however, no doubt 
;, as such a machine gives electricity of great intensity, it may be 
iperior to the galvanic battery for some purposes, and may give pro- 
* B to the deposited metals which the ordinary battery does not.' 
'ore concluding the description of batteries, we may briefly 
I one or two little conveniences which are indispensable to the 
wration. The first of these is -nhnt are termed binding screws, by 

I the parts of 
fhtterics, as we ^ 
e shown by nit- JL 
roos figures, are 
inected toge- 
, or by which ^^ 
r poles are con- 
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nected to the objects throngh which the Toltaic curreDt Is to b« 
passed. They are usaally made of brass, and of Tftiiotis fonUi 
according to the shape of the objects that are to be connected, 

Figares 22 to 27 represent some of the most usefnl kiods; fig.!) 
is used to connect wires together ; figs. 2i and 26 are required fix 
Smee's battery (see^. 20); fig. 26, to connect the plates of Qrorrt 
battery (fig. 18J; figa. 2i and 25 are used for Daniell's battery; th 
latter for connection with a zinc rod, the former to bind plaW 
together. In all cases, the parts that touch the snrfaces to be con- 
nected must be perfectly clear and bright. 





In many cases, when a complicated apparatus has been put to- 
gether, it is desirable to ascertain whether the connections aie iH 
perfect. This is best determined by means of a galranometer, tvo 
Tarieties of which are represented by figs. 28 and 29. 
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Icle-Cen OperaUoBH. — We shflll now proceed to detail tLe firo- 

■ of electrotypiug, the materiala fur which are of the most 
H) nature. Let n a suppose that the object of the Btndent is 

by a copper medal — for example, tlia sido of a penny-piece. 

3 a quantity of the crystals of sulphate of copper in any 

(nient Tesse! ; if distilled wattr can be Ijnd, the better. This 

bveniently done by suBpending the crystals in a coarse cloth 

^ BUi-face of the water, or the crystals may be put into the 

^ and well stirred till dissoked ; crushing the rrystals facili- 

ir solntion. The wnter should bo kept cold and be ftiUy 

pted with the salt, and the solution allowed to stand untonehed 

raral hours. This last precaution is not always essential, but 

y when the copper solution is not perfectly clear aud 

^ arent. 

SS sulphate of riopper of commerce has often a large quantity 

a portion of which becomes per-oxidized, and will pre- 

e or fall to the bottom of the solution on standing ; indeed, 

I it is known tliat the salt contains mnch iron, it is best to 

I the salt very fine, and expose it to the air for some time; 

■ dissolved, after this exposure, a great quantity of iron will 
( at the hottom of the solution, which should be carefully 

und the last portion filtered. The clear solution should 
^___ s about one-fonrth of its quantity of water added to it, as 
f eompletely saturated solution is not the best. A newly-formed 
^('lution does not deposit so freely as one that has been in ttse for 
^OQie time. The addition of a few drops of sulphuric acid, or, what 
"e have found better, a little sulphate of zinc — about one ounce 
'o tlie pound of sulphate of copper — improves the condition of a 
"ew solution. 

Next, put the solution of sulphate of copper into the vessel in- 
^^ied for use, say it is a large jelly-pot, in which let a vessel of 
^■flzed porcelain (porous vessel) be placed, \\\Ve4 \(i <\!i\m \isM. 
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an inch of the mouth with a mixture of 24 parts water and 1 
phuric acid, taking care that the copper solution is of the i 
depth as the sohition in the porous cell. 

Prepaimtloii of tie Coin. — A fine copper wire must now be 

round the edge of the coin and fastened bj twisting. Then ( 

the back part, ui)on which the deposit is not required, with I 

wax or tallow, or, what is better, imbed the back of the coin 

gutta percha. Have the fore part or face well cleaned, andth 

face moistened with sweet oil, bj a cameFs hair pencil, and 

cleaned off by a silk cloth, till the surface appears dry ; or, it 

of oil, the surface may be brushed over with black lead, whic 

impart to it a bronze appearance. The use of the oil or blac 

is to prevent the deposit adhering to the face of the coin. 1 

common and excellent method to prevent the copper deposit i 

ing to the copper mould is this : — Take a gill of rectified spl 

turpentine, and add to it about the size of an ordinary pea of 

wax. When tliis is dissolved, wet over the surface of the 

vnth it, and then allow it to dry : the mould is then ready 

into the solution. Medals taken from moulds so prepared 

their beautifully bright colour for a long time. But when fi 

engravings are to be coated, the little wax dissolved in the t 

tine may be objectionable ; so also is black lead, for both 

tendency to fill up the fine lines. In this case, let the* was 

turpentine be wiped off by a silk handkerchief, instead of dr} 

but for ordinary medals this objection will scarcely apply. 

being done, the opposite end of the copper wire round the 

piece is to be connected with a piece of amalgamated zinc, ei 

means of a binding screw or a hole in the zinc. Then place t 

in the acid within the porous cell, and put the penny piece ii 

copper solution : bring the face of the coin parallel to the 5 

the distance of about half an inch or one inch from the porous 

Deposition immediately begins, and the metal thickens accor 

the length of time the action is kept up. In about twen 

hours, the deposit will be of the thickness of a common card 

may then be taken off. The zinc is to be brushed and v 

before it is put aside. The wire round the coin is now to 

twisted, and by a slight turn will come off easily. The dcj 

also- easily separated from the mould, which will be a perfect 

terpart of the face of the penny piece. 

4^iM mould is next to be treated exactly as described for ob 
it fh)m the penny piece, and the deposit from it will be a^a 
of one side ^f the penny piece. With care, any number of duj 
may be taken from this mould. 

It need hardly be remarked, that as copper is deposit 
solution becomes proportionally exhausted, and in a short ti 
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rrent of electricity passing will be too mach for the *trengtli 
B BolutioD, which will then give ti deposit of a sandy couGisteoce, 
UiOQt tenacity,' It is therefore iieecBsary, while the depoBition 
i going on, to suspend some crystals of sulphate of copper at 
e top of the solution, which, aiS they dissolve, will maintain its 

I Vvmii of Apparatni. — It will he observed that no particular form. 

Fapparatus is reqaired for electrotyping, but certain modifications 

y be adopted for couTenience and economy. As every portion 

f the zinc in the acid is capable of giving' off electricity, by placing 

n cell that contains the zinc in the ceutre of the copper solation, 
unlds may be suspended ,oa each side of that cell. We have also 
MOTved that the zinc plate should not he allowed to touch the cell, 
■ tiie copper will be reduced upon it and the cell destroyed. To 
mad this, the zinc may be suspended by a small wooden peg, put 
■roQgh it and made to rest upon the edges of the cell. Figures 30, 

1, 32, 33, represent several convenient forms of apparatus for elec- 
fctypiog. 



1 
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■Figure 33 is a form of the apparatus which 
e anttior has used for many years witb great 
!SS, being both cheap and effective. "^ ^ 
ge jelly-pot holding the copper solution; i 
i flat porous ceti, about 4 iuchea square and 
Uich wide ; £ the zinc plate. Amalga- 

metals may lie suspended upon both ^ 

les, and the Btreugtt of the solution is main- 
- by Buspeodiug a few crystals of the salt 
» little cloth bag upon the surface of the solution, 
.Instead of porous vessels made of earthenware, a bladder may J 
deed, iu which the acid aud zinc are placed. We have also I 
n a vessel divided by a porous partition, being either a plate of 1 
Iscait porcelain, plaster of Paris, yery tbin sycamore wood, or " 

' Sco Laws of Bepoaitlon, pBge'lO. 
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dressed skin. The porcelain, as before-mentioned, is the bests 
])laster is too porous, and the eolation soon destroys it : wood ii 
too close, and the deposit is consequently yery slow: skin doei 
very well for a short time, but it is soon destroyed. When porov 
cells were not convenient, we have made electrotypes by wrappog 
the zinc ])late8 in two or three folds of stoat cartridge pipi^ 
moistened witli a solution of salt, and placing this in the coppff 
solution with the mould. Of course, this is only to be adopted 
whcu a porous vessel cannot be obtained. The paper lasts but i 
short time, and has, therefore, to be frequently renewed ; beodei 
which, there is always a deposit of (;oi>per upon the paper, th« 
occasioning a loss. 

Common coarse garden-pots answer excellently for porous yessd^ 
closing the aperture at bottom by a cork. 

The precautions that have been given (see Daniell*s Battery, p. 39)i 
as to the preserving of the porous cells when not in use, are appfictUe 
to the cells or partitions used in these processes, which, when not ii 
use, should be kept in water, or should not be allowed to dry until 
they have been in water long enough to dissolve out the salts thit 
were within the pores of the cell ; otherwise the salts crystallize, iid 
either crack the cell or cause it to scale off in small pieces. PoroH 
cells, when not thoroughly washed and freed from salts, if laidasidi 
for a few days, often throw out an efflorescence, or crystalline growth, 
like mould, of a soft silky texture, and from one-half to one indi ii 
length. An analysis of this efflorescent matter gave — 

Oxide of zinc . . . . 39 6 
Sulphuric acid .... 26*0 
Water 34 2 
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€«iiipanitiTeTaiae«rBxcitiiigS0iati«Ms. — We have reconune&dfld 

the porous cell being filled by dilute sulphuric acid, which we con- 
sider best ; but other saline solutions will serve the same purpose: 
solutions of common salt, sal ammoniac, and sulphate of zinc, have 
been recommended, and each has been called best in its tnm. The ' 
following results of experiments with these solutions in the porons 
cell will show their relative qualities, and enable the student to jndge 
for himself. The size of the zmc plate in the cell used in these 
experiments measured 6 inches by 6 inches; the copper plates up(m 
which the deposits were formed were the same size ; the solutioB 
of copper was kept at the same strength; the time that each wtf 
In solution was 16 hours. 
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Solution in porous CelL 



Sal ammoniac. 
Saturated solution . . 
1 part saturated solution f 
1 part water . . . .) 
1 part saturated solution 
3 parts water 



d solution ) 

• • • • I 



Common Salt 
Saturated solution . . 
1 part saturated solution \ 
1 part water . . . . ) 
1 part saturated solution ) 
8 parts water . . . . | 

Sulphate of Zinc. 
Saturated solution . . 
1 part saturated solution ) 
1 part water . . . . ( 
1 part saturated solution ) 
3 parts water . . . . ) 

Sulphuric Acid. 

1 part to 8 of water . . 

I part to 16 of water . , 

1 part to 24 of water . . 



Zinc dissolTed. 



oz. dwt gr. 

1 5 14 

18 6 

12 13 



16 

18 

1 



1 
1 



3 
2 
2 



3 





1 
11 

7 



3 
9 



18 
8 



14 16 



6 
8 
3 



Copper deposited. 



14 
17 








1 
2 
2 



19 
19 



14 



oz. dwt. gr. 

1 2 12 

1 3 10 

10 17 



12 
8 



19 16 




18 

8 



4 8 
1 8 

5 6 



How otfen Solutions should be Cliansed and Zinc Amalgramated. 

—Students have often put this question to us : How often should 
he solution in the cell be renewed, and the zinc plate be amalga- 
Qated? The following are the results of many trials made to 
bscertain the facts necessary to answer this inq^uiry. The zinc 
)lates used were nearly one foot square, and the copper plate upon 
vhich the deposit was made was of the same size as the zinc plates. 
In the first series the zinc plates were not taken out either to 
brush or re-amalgamate, neither were the solutions renewed during 
Lhe time specified. 
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2 lb. common salt in one 



Copper Zinc 

deposited. dissolved, 

oz. dwt. oz. dwL 

'24 hours . 12 9 12 17 

n-oll^n ,.f «rota. -S 48 hoUFS . 17 13 20 17 

gallon of water ^ ^^ j^^^^^ . 24 15 34 S 

24 hours . 9 13 9 18 

10 



2 lb. sulphate of zinc in ),l 'C ' il a i^ 

,1 If J. •<48 hours . 16 4 17 au 

one gallon of water ^^0 hours . 23 10 24 8 

1 lb. sulphuric acid to 24 j 24 hours . 15 17 17 15 

of water (48 hours . 27 16 32 3 

From these results it is evident that the best and most economi- 
cal manner of treating the solution and the zinc would be to renew 
the solution every 24 hours, as the second 24 hours do not giTi, 
without renewal, above half the deposit of the first 24 hours, while 
the waste of zinc is very little less than in the first. 

The next series of experiments was with the same zinc and the 
same kind of solutions, but the zinc was taken out every 24 hovLf^ 
and brushed, but not re-amalgamated, and put back again with new 
solution in the porous cell. 

Copper Zinc 

deposited. dissolved. 

'' oz. dwt oz. dwt. 

Salt and water . 4 days of 24 hours . 49 16 618 
Sulphate of zinc . 4 days of 24 hours . 47 14 48 9 
Acid and water . 3 days of 24 hours . 48 13 53 7 

These results give the most ample reply to the question so often 
put, and will guide the manufacturer as well as the student in hi» 
operations, whether time or material be of the greatest consequence 
to him. 

We may remark that the sulphate of zinc solution does not re- 
quire renewal, but simply that we half empty the cell and refill it 
with water. The sulphate of zinc poured out being nearly saturated, 
may be crystallized, and will serve for other electro-metallurgical 
operations. 

maklns of moulds — The directions given for obtaining a mould 
from a penny piece, by deposition, are applicable to taking moulds 
from any metallic medal, engraving, or figure that is not undercut; 
and for depositing within the moulds so produced. On the first 
discovery of this art, the electrotypist was confined to metallic 
moulds, as the deposition would not take place except upon metallic 
surfaces ; but the discovery that plumbago, or black lead polished, 
had a conducting power similar to that of metal, and that the deposit 
would take place upon its surface with nearly the same facility as 
upon metal, freed the art at once from many of its trammels, and 
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1 the operator to deposit upon any BabB^ance— wood, phsler 
, 18, was, &c. — by brushing oyer the surface with biaek lead, 
iged the electro -metallurgist, however, to render himFelf expert 
»rt of moulding', since no good electrotype can be obtained 
it a perfect mould. We shall, For. this reason, endeavour now 
e such iustructious as will enable the student to make good 
Dias after a very short practice ; but we need hardly add, that in 
B as well as in every operation, however plain may be the instroc- 
ns and easy the matupnlations, practice is necessary to ensure 
;cessj BO that the student ought not to lose palience should his 
It attempt not sueeeed to his wishes. The substances used foj' 
ting moulds from objects to be copied by electrotype are bees' 
X, stearine, plaster of Paris, and fusible metal ; recently, gatta 
rcha has been veiy Knecessfnlly used. The arliclea to be copied 
! generally composed either of plaster of Paris or metal. Suppose, 
the first place, the article to be copied is of metnl, and a mould 
to be taken from it in wax or stearine. The latter we have not 
lud to answer well alone ; when used it should be mixed with 
IX, about half-and-half. 

PrepBrmtion of Vmx. — Whether the bees' wax have stearine in it 
not, it is best to prepare it in the following mamier ; — Put some 
inmou virgin wax into an earthenware pot or pipkin, and place it 
era slow fire; and when it is all melted, stir into it a little white 
id '(fiake white) — say about one ounce of white lead to the pound 
wax; this mixture tends to prevent the mould from cracking 
the cooling, and from floating in the solution : the mixture 
onld be re-melted two or three times before usiug it for the first 

*• take Maaldi In Wax.— Themedaltobe copied must be brushed 
er with a little sweet-oil; a soft brush, called a painter's sash loo!, 
its this purpose well; care innst be taken to brush the oil wall 
o all parts of the medal, after which the superflnona oil must 
wiped off with a piece of cotton or cotton wool. If the medal 
s a bright polished surface, very little oil is required, but if the 
rface be miitted or dead, it requires more care with the oil, A 

II of card-board or tin is now bound round the ed^e of the medal, 
; ed^e of which shp should rise abont one-fourth of an inch higher 

III the highest part on the face of the medal : tliis done, hold the 
da! with its rim a little sloping, then pour the wax in the lowest 
rlion, and gently bring it level, so that the molted wax may 
ichially How over ; this wUl prevent the formation of air-biibbles. 
re must be taken not to pour the wax oa too hot, as that is one 

l^'Cause of failure in getting good moulds ; it should be poured 
ft as it is beginning to set in the dish. As soon as the coiu- 
D poured on the medal is set (becomes soWil'), \j,Mfe ^"ci^ "tvia-, 
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for if it was allowed to romuin on till the wax became perfectly eod^ 
the wax woald adhere to it, and being thas preyented from shiiikp: 
ing, which it always does a little, wonld be liable to crack. Pot the 
medal and wax in a cool place, and in aboat an boar the two w3 
separate easily. AVhen they adhere, the caase is either that too 
little oil has been used, or that the wax was poored on too hot. 

Roffln with Wax. — Rosin has been recommended as a 
with wax ; mixtnres of which, in various proportions, we ha¥e md 
with success ; but when often nsed, decomposition, or some change: 
takes place, which makes the mixture granular and flexible, reodBt- 
ing it less useful for taking moulds. When rosin is need, til 
mixture, when first melted, should be boiled, or nearly so, and kept 
at that heat until effervescence ceases ; it is then to be ponred oik 
upon a flat plate to cool, after which it may be nsed as describei 

Meuidt in Pimster. — If a plaster of Paris mould is to be takei 
from the metallic medal, the preparation of the medal ia the mm 
as described above ; and when so prepared with the rim of card* 
board or tin, get a basin with as much water in it as will be soffident 
to make a proper-sized mould (a very little experience will eniUe 
the operator to know this), then take the finest plaster of Paris and 
sprinkle it into the water, stirring it till the mixture becomea of the 
consistence of thick cream ; then pour a small portion npon the ftee 
of the medal, and, with a brush similar to that used for oiling it* 
gently brush the plaster into every part of the surface, which will 
prevent the formation of air-bubbles ; then pour on the remainder 
of the plaster till it rises to the edge of the rim : if the plaster ii 
good, it will be ready for taking off in an hour. The monldistheo 
to be placed before a fire, or in an oven, until quite dry, after whidi 
it is to be placed, back downwards, it a shallow vessel containing 
melted wax, not of sufficient depth to flow over the face of the 
mould, allowing the whole to remain over a slow fire until the wax 
has penetrated the plaster, and appears upon the face. Having 
removed it to a cool place to harden, it will soon be ready for dec- 
troty ping. If the mould is large and the plaster thick, the wax may 
be put upon the surface, and only as much as will penetrate a small , 
way into the plaster. In both these instances the wax used is gen- 
erally lost, and there is always liabi.ity of the copper solution passing 
through, and causing what is termed sin face deposit, making the face 
of the medal rough. We may remark that, although occasionally 
there may be a very good ele(;trotype obtained from a plaster mould, 
still they arc in general very inferior ; as the saturating of the plaster 
has a tendency to blunt the impression, and the wax used for the 
purpose of saturation becomes expensive. It may be partially 
recovered by boiling the plaster in water : the wax melts out, and is 
obtained when the water cools. Plaster should not be used for 



Iioolds where wax can be employed, being neitlier eo good nor bi 
BODomical; but there are cases in wliich, the moulds being very I 
rge, the ase of plaster is unavoidable. 
[ nanld* in FniibieAiiiir.— The next means of taking moulds is by 1 
Hible metal ; this name is given to alloys of two or more metals J 
^hich melt at very low temperatures ; it suits the pnr|ioBe of taking X 
lOBlds of small objects veiy well. The following are examples offl 
^ch compositions : — 



I 







' These all melt at a temperntnre below that of boiling water ; the 
bgiedients are melted together in an iron ladle, poured out npon a 
pit stone, broken up, and re-melted in the same way two or three 
n order that they may be thoroughly mixed. The medal from 
[hich the mould is to be taJcen is prepared in the same manner as 

acribedfor wax. J 

i^fae fusible alloy is melted and poured into a snncer, or, whatJ 
B better, a small wooden tray ; the operator mm watches till it^ 
(ote down into u semifluid state, or to the point of setting, when he ' 
ijfgs the medal suddenly upon it, face downwards, and holds it 
Q nntil the alloy has fairly set ; he then allows it to cool, and 
iidoes the slip aronnd the medal, from wbieh the mould will easily 
tarate. The height of the slip of paper above the sarface of the 
)dal determioes, of course, the thickness -of the mould. The 
_inner very seldom succeeds in his Erst attempts at making 
mtds in fusible alloy ; but as a little experience teaches more than 
e readmg of an essay upon the subject, he will soon Rnd both his J 
« and labour rewarded with gratifying success. Some of the I 
BAt moulds are taken by this process, but, from the conslutit 1osb4 
ithe materials by o.xidation, &i:„ it is expensive; bo thai its use ' 
Inongst electro-met all org is ts is very limited, 

I In entu Perdu. — Gnttapereiia. as a material foriuould- 
8 the purpose most admirably. We have seen moulds of 
is anbstaute equiil, if not superior, to any that we ever saw taken 
ind of a depth of cutting which it would have been very 
fficnlt to have taken in wax. The method adopted for laktuj; 
nolds is to heat the gntta percha in boiling water, or in a chamber 
Mted to the temperature of boiling water, which miikcs it soft and i 
" " The medal is fitted with a metallic rim, or placed in thftfl 
Ittom of a metai saucer with a cylindrical rim a little larger ibaikl 
8 medal; the medal being placed back down, a quantity of guttal 
rehft ia prefse'T into the saucer, and as much added as will caos^f 
■ to stand above the ed^ of the rim ; it iBiiow^\a>aeASji.fl.tu^wM 
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copying press, and kept under pressnre until it is quiet cold and 
hard. Tlic imiirossiouR taken in this way are generally yery fine; 
when the medal is not deep cut, a less pressure may suffice, Inft 
when the pressure is too little the impression will be blunt. 

Gntta percha takes a coating of black lead readily, and th 
deposit goes over it easily. 

A mixture of gutta percha and marine glue has been recommended 
for moulds as superior to gutta percha alone. We have not hid 
an opportunity of using this mixture, but have every confidence in 
the recommendations given of it. 

, Moulds fk*oiii Femi, Sea- Weed, *e — A method of taking imprei- 
sions of fern leaves and sea- weeds has recently been proposed bf 
Dr F. Branson, in the Atftenceum. It is thus described :^ 

^^ A piece of gutta ))ercha, free from blemish, and the size of 
the plate required, is placed in boiling water. When thoroughl|^ 
softened, it is taken out and laid flat upon a smooth metal plate, 
and immediately dusted over with the finest bronze powder used 
for printing gold letters. The object of this is threefold — to dry 
the surface, to render ihc surface more smooth, and to prevail, 
adhesion. The plant, is then to be neatly laid out upon the bronse 
surface, and covered with a polished metal plate either of copper or 
of German silver. The whole is then to be subjected to an amdbnt 
of pressure sufficient to imbed the upper plate in the gutta perch*. 
When the gutta percha is cold, the metal plate may be removed 
and the fern gently withdrawn from its bed. A beautiful impres* 
sion of the fern will remain." An electrotype may be deposited 
upon the bronzed or black leaded gutta percha. 

We have seen many electrotype leaves done by this method, 
which were certainly very pretty as electrotypes, and the process 
is well adapted for flat leaves ; but the pressure required renders 
it unsuitable for some kinds of leaves, — indeed it destroys the 
natural forms of the greater number both of leaves and sea-weedp. 
"The products of the ])rocess cannot, indeed, be compared with those 
electrotype leaves, the moulds of which are taken by wax. The 
great merit of the process is its ease and simplicity. The method 
given for taking the mould of the leaf is suitable for any kind of 
flat mould in gutta percha. The mould of a leaf may be taken in 
plaster, by placing tlie leaf upon dry sand and pressing the saiid 
under and on en oh side to fill up the spaces under the leaf, so as 
to bear the pressnre of the plaster, pitting a collar of paper rouud 
the saiul to prevent its yielding, and then pouring the plaster over 
the whole. When the plaster is set, the leaf is removed and the 
plaster trimmed round with a knife. This also has its difficulties; 
for when leaves have hairs upon them, they stick *into the plaster. 
The method of taking moulds of leaves in wax is by holding tl^p 
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leaf in the hand, and bruBhiug a thin layer of melted wax over 
*-he snrface to be moulded ; allowing this to harden, and then 
ViiTisliiflg on anotiier layer; and so on until the was is snfB- 
<:iently thick to suffer liandling. The leaf is then gently drawn 
«fr the was, wliich is to be black-leaded, and put into the 
electrotype apparatus to receire the coaling of copjier. A type 
nflhe leaf is by this means obtained with all its natural conroln- 
liong. 

Nature Frintinc. — A further improTement apon making moulds 
(if leaves and otber vegetable objects, has been practised by an 
eminent firm in London, The leaf is carefully diied and laid upon 
Braooth piece of milled leail, which is placed between two steel 
plates, and passed between rollers, these press ihe leaf into the 
lead, and produce a complete mould. Copies from this may be 
laken with gutta percha or electrotype. Printed impressions of 
leaves, sea weed, and such like objects, piepared in this way, 
may be seen iu an excellent work published by Bradbnry and 
Evans, and a fn!l detail of the process, with specimens, will be found 
io the proceedings of the Royal Institution for I8.'j4. 

Cnninsaf Beptuei, At. — Imbed the subject in a mould made of 
four parts of plaster of Paris, one of nnbnrnt liine powder, and oni 
of Flanders brick-dust. Dry the mould carefully, then make it red 
hot, and bum the subject out of it, taking care to free the mould 
trom the ashes. Fusible metal may be cast in this mould, and then 
be covered with copper, from which the alloy may be afterwards 
melted, or a wax model may be token of the object, pouring the 
was in just before setting. In neither case must ibe mould be 
melted until after the model, whether of alloy or was, is taken, 
when the whole is placed in water, the lime causes the mould to 
difisolve or brenk up, and the figdre modelled within it may be 
taken and covered with copper. Flowers, insects, lizards, and 
other liille enimals may be typed in this way. In all these 
jirocesses, perseverance and care are the best cures for little 
ilillioulties. 

W«i Honias fh»m PlMter. — If the object, which we afeaume to be 

» medal, from which the mould is to be taken, be composed of piaster 

nf Paris, and the mould to lie taken is iu wax, the first operation is 

to prepare the plasler medal. Some boiled linseed-oil, sneh us is 

used by ho use- painters, is to be laid over the surface of the medal 

with a camel's hair pencil, and continued until it is perfectly satnr- 

s'ed. which is known by the plaster ceasing to absorb any more of 

the oiL This operation succeeds best when the medal ia heated a 

wtle. The medal should now be laid aside till the oil completely 

■■^ when the plaster will be fouud to be quite hard, and having; 

Wfc^Dearance of poiisJied marble ; it Is, consw^newtt-j , ?rt.\,'a^)i'a«sA 
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for t}ikiii«? the wnx inoiild. wliirh ir done in the same manner as t« 
liav<' (l«*scrilj(Ml for tuKiu^ a wnx mould from a metallic medal 

Many prefer saturating the medal with water: this is best done 
by placiii;^; tlie nuMlal hacrk down in the water, but not allowing it to 
flow oviT tlie face; tlie water rises, by capillary attraction, to the 
Fiirfuce of the medal, ronderinrr the face damp without being weL 
The rim ljciii<r now tied on the plaster medal, the melted wax ii 
poured upon it. This method is equally good, but liability to 
fttiliires is mueli greater, caused generally by the wax being tooliot. 

The plaster medal may also be saturated with skimmed milk, 
arnl then dried ; by repeating this twice, the plaster assumes <m the 
surfiUM* an appearance like marble, and may be used for taking wax 
moulds. 

Meuidef Planter firem Plaster rviodem. — When a plaster mould ii 
to Ixj tak(Mi, the face of the model is prepared differently to that 
de.scril)ed, in order to prevent the adhesion of the two plasten. 
The b(>Kt substance we have tried for this purpose is a mixture of 
soft soap and tallow, universally used by potters for preparing tbdr 
moulds, and (Milled by them lacquer. It is prepared in the following 
manner :~half-a-poun<l of soft soap is put into three pints of clem 
rater, which are set on a clear fire, and kept in agitation bf 
stirring; when the mixture begins to boil, add from one ounce 
to an ounce and a-half of tallow, and keep boiling till it is reduced 
in bulk to about two pints, when it is ready for use. The surface 
of the medal must be washed over with this lacquer, allowing it to 
absorb as much as it can, when it assumes the appearance of polished 
mnrble; it is now pre])ared with a rim of paper, and the monld 
taken as directed for taking plaster moulds from metallic medak. 
When hardened, they will separate easily. — Wetting the plaster 
model with a solution of soap before taking the cast will do, or, if 
the plaster model has been saturated with oil or milk, it has only to 
be moistened with sweet oil the same as a metal model. 

FuMlble Alloy from Plaster. — If a mould of fusible metal be re- 
quired from a plaster medal, the plaster may be saturated either 
with boiling oil or the soap and tallow lacquer, and the mould taken 
in the same manner as from a metallic medal. 

Copper Moulds from Plaster. — ]SI any electro-metallurgists prefer 
taking a monld in copper when the medal is of plaster of Paris. 
This is (lone l)y the elcctrotyf)e pro(?ess : the plaster model is satn- 
rated with wax over a slow fire, as already detailed, and then pre- 
pared for taking an electrotype in the usual manner (see page 50). 
AVc need hardly mention that the model in this case is destroyed; 
but, notwithstanding, in the case of plaster models, to take a copper 
mould is the most preferable, as it may be repaired in case of sUght 
defect, and it may be used over and over a«saiii without deterioration. 
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■When an electrotype is required of a model llmt ii undercut, or 
K biiat or tigare, the proeeaa which we have deacribed will not 
Bwer, OB the mould cannot sejiarate from the model. In such 
KumstanceH, the general method of proceeding in to part the 
Bald iu Reparate pieces, and then joiu these together. The . 
PBterinI used for thig purpose is plaster of Paris ; the operation, 
fcowBTer, to be doue well, requires a person of considerable experi- 
Hice. 

j^OKitlc MguldlDK. — The process patented by Mr Farkes, for taking 
Koald of aoj kind of model in one piece, is e.tcellently adnptt^ for 

■ electrotyplBt. The material is composed of glue and treacle; 
Blbe. of glue is steeped for several hours in as much water as will 
KstflQ it thoroughly. This is put into a metaQic vessel, which is 
Beed in boiling water, as a hot batli. When the glue falls into a 
■d state, 3 lbs. of treacle are added, and the whole is well mised 
^Btirrin^. Suppose, uow, that the mould of a Email bust is wanted, 
Hrliodrical vessel is chosen, so deep that the bust may stand iu it 
■ilich or EO under the edge. The inside of this vessel is oiled, a 
Ut6 of Btout paper ia pasted on the bottom of the bust, to prevent 
■fluid mixtnre from goiug inside; and if it is composed of plaster, 
Hs is put inside to prevent it from swimming. It is nest com- 
Kdy drenched iu oil, and placed upright in the ressel ; this doue, 

■ melted mixture of glue and treacle ia poured in till the bust ia 
■cred to the depth of an inch. The whole must stand for at least 
■aty-fouT hours, till it is perfectly cool throughout ; after which 
Hi taken out by inverting the vessel upon a table, when, of course, 

■ bottom of the bust is presented bare. The mould is now cut, 
Bineans of a sharp knife, from the bottom up the back of the bust, 
■hefront of thehead. Itia nest held open by the operator, wheu 
HkBsistant lifts out the bust, and tbe mould is allowed to rcclosfl ; 
Bece of brown paper ia tied round it to keep it firm, The operator 

■ now a complete mould of the bust in one piece ; but he cannot 
■at it tike was moulds, as its substance is soluble iu water, and 
Hold be destroyed if put into the solution. A mixture of wax and 
Hn, with occasionaQy a little suet, is melted, and allowed to stand 
Bft IB on the point of setting, when it is poured carefully into the 
^ud, and left to cool. The mould is then untied and opened up 
HKfore; the wax bust is taken out ; and the mould may be tied 
■for other casts. Besides wa.\ and rosin, there are several other 
Htnres used — deer's fat is preferable to common suet, stearine, 
B The object is to get a mixture that takes a good CBst^ and 
■DmeB solid at a heat less than that which would melt the mould. 
fbsnuUnE *f Fisnreg. — If the model or figure be eomiiosed of 
nter of Paris, a mould is often taken iu copper by deposition: the 
Bire is saturated with wax, aa described for a. meiiaX, waCi t^^-^i^i 
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deposited npoii it siidiciently thick to bear handling, withoat damap 
when taken from the model. The fip^nre with the copper deposit ill 
nirerully sawn in two, and then boiled in water, by which thepUsttt 
is softened and easily Kt>]mrated from the copper, which nowserfti 
as the mould in wliieh tiie deposit is to be made. It is prepared ■ 
the same way as we have described for depositing in copper moiddL 
AVhen the deposit is made suflieiently thick, the copper mould ii 
peeled otf, and the two halves of the figure soldered together. The 
copper moulds which are deposited upon the wax models taken ii 
the clastic mouhlin^ arc often treated in the same manner ; but mon 
generally these moulds are used for depositing silver or gold into 
them, to ohiii'm jitc-similes of the object in these metals, in which caw 
the copper moulds are dissolved off by acids, as will be descril^ediB 
a subsequent section. 

Fiinirea coTered with Copper. — AVhen plaster basts or figures an 
wanted in copper, the most usual way is to prepare the figure witk 
wax as described, and to coat it over with a thin deposit of copper,. 
letting the copper remain. Some operators, when it can be done^ 
remove the plaster, and wnsli over the inside with an alloy of tin and 
lead melted. In this case the copper must previously be cleaned bj 
washin<j: Grst in a solution of potash, and then with chloride of zinc: 
the latter mode will cause the alloy to adhere to the copper, and give 
it strength. In either of these cases the deposit mast not be verf 
thick, or it will throw the figures out of proportion, such as the 
features of a bust, &e. Any slight roughness of deposit may be 
easily smoothed down by means of line emery. 

The Preparation of Non-Metallic Moulds to reeelre Depoatt^- 
llaving detailed what we have found best for obtaining moaldfl of 
objects for the pur})ose of electrotyping, we proceed to the manner 
of obtaining a deposit upon these moulds. Were any of the plaster 
or wax moulds attached to the zinc, and immersed in the copper 
solution iu the same manner as described with the penny-piece 
(page 50), no deposit would be obtained, because neither the plaster 
nor the wax is a conductor of electricity. Some substance must now 
be applied to the surface, in order to give it conducting power. There 
are several ways of communicating this property, but the best and 
most simple, for the articles under consideration, is to apply common 
black lead (already referred to) in the following manner: — ^A copper 
wire is put round the edge of the medal, or, if wax moulds are used, 
a thin slip of copper may be inserted into the edge of the mould, or, 
being slightly heated and laid upon- the back, the two will adhere. 
A flue brush is now taken (we have found a small hat-brash very 
suitable,) and dipped into fine black lead, and brnshed over the sur- 
face of the medal ; the brushing is to be continued until all the fisMse 
round to the wire upon the edge, or slip of copper forming connec- 
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a complete metallic iuatre; a briglit polisli iH Docesaory to 
k obtaining ft quick aud good depo&it. 
In brushing on the black lead, care should be taken not to allow 

r to go upon the back or beyond the copper connection, or the 
posit will follow it, and su cause a loss of copper, and make llie 
told more difficult to separate from the deposit; being, as It were, 
sued. If the electrotjpist takes the labour himself ol' liling off nil 
e Buperfluous copper from the edge of Ilia deposited medal, it will 
VnjorethananywrittenprecantionB to teach llie necessity of preyent- 
K as mnch as possible the deposit going further than is necessary. 
Beu the face of the mould is properly block-leaded, the copper 
\ connected with it is attached to the zinc plate in the porons cell, 

I the mould immersed in the copper solution : the deposit will 

mediately begin ilpon the copper connection, and will soon spread 

IT every part, covering the black-lead pohsh with le^s or more 

ility according to the state of the solutions and other circumstancea 

pe afterwards noticed. When the deposit is cousideredsufliciently 

[ for removing — which, in ordinary circumstauees, will require 

a two to three days — the medal is taken out of the solution, and 

ihed in cold water, and the connection is taken off. If the deposit 

b not gone far over the edge of the mould, th? two may be separated 

Kft gentle pull; if otherwise, the superhuous deposit must be eased 

T and if care he taken the wax may be lit to use over again : but 

n the mould is plaster of Paris, however well it may be saturated 

I wax, it is seldom iu a condition to use again. If the plaeter 

old be large and thick, it is advisable to coat the hack with wax 
^tallow, which is done by brnshing it over with either substance 

B raelted state: the mould beuig cold will not absorb the wax or 

; hence it may be recovered again. The snlpbate of copper 

sra so penetrating a quality that if the shghtest imperfection 

'B in the saturation of the mould by was, the solution will pene- 

Kte through it, and the copper will be deposited upon the face of 

p object adhering to the plaster, giving to the metal a rough, mat- 

i appearance, and serionsly injuring it. 

jtmiiw Metal raouida. — The mould in fusible alloy does not require 
t be biack-leaded, but the back and edge must be protected by a 
bting of wax or other non-conducting material ; it may be con- 
leted in the same way as the penny-piece (page 50) by putting a 
me round its edge previous to laying on the nou-.conducting Bub- 
Kftce, sncti as tallow or w^, which should also cover the wire. 
Eft slip of copper, or wire, may he laid upon the back and fastened 
la drop or two of sealing-wax; the back is then coated: butcara 
^tst be taken that the wax do not get between the connection and 

I medal which will prevent deposit. The deposit on this mould. 
8 on instantoueonslj', the same as over l.\ie 'fe\it\-3-^\e<:e. N^Vea. 
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suflic'HMitly tliii'k, it niny be taken off in the same manner ut fnm 
tiie wax mould, the surface havin<r been prepared by turpenuM 
(fmjrt' .'»0) to prevent adherence. These nionlds may be used sennl 
times, if cnre be taken not to heat thera, as they easily melt. 

The medals obtained from metallic moulds prepared with th 
turpentine sohitiun have a brijrht snrface, which is not liable to 
chan^ije ejisily, but if the mould lias been prepared with oil or con- 
posed of wax or planter, the metal will either be dark, or willTery 
oasily tarnish. Tiie means of preserving them, either by broniing 
or plating with other metals, will be detailed in a subsequent aectioB. 

PrecautlonR on putting the Blsnldt into a ■•Ivtioii. — ^In putting 
moulds hito the copiKT solution, the ojjerator is often annoyed by 
small globules of air adhering to the surface, which either pieTttt 
the deposit taking place upon these parts, or, when they are lery 
minute, permit the do|)osit to grow over them — caasing small hoBofi 
in the mould, which give a very ugly appearance to the face of the 
medal. To obviate this, give the mould, when newly put into the 
solution, two or three shakes, or give the wire attached to it, wlule 
the mould is in the solution, a smart tap with a key or kuife, ortnj 
thing eonvement; but the most certain means we haye tried, is to 
moisten the surface with alcohol just previous to putting it into the 
copper solution. A little practice in these manipulations will soon 
enable the student to avoid these annoyances. 

Deposition on large Objects. — AVhen busts or figures, whether of 
wax or plaster of Paris, are to be coated with copper, with no other 
conducting surface than black-lead, it is attended with considerable 
difliculty to the inexperienced electrotypist. The deposit grows otct 
all the prominent parts, leaving hollow i)laces, such as armpits, neck, 
&c., without any deposit; and when once missed, it requires consi- 
derable management to get these parts coated, as the coated parts 
give a suflficient passage for the current of electricity. It is recom- 
mended by some electrotypists to take out the bust, and coat the 
parts deposited upon with wax, to prevent any further deposit on 
them ; but this practice is not good, especially with plaster of Paris, 
for an electrotype ought never to be taken out till finished. Some- 
times tlie resistance of the hollow parts is occasioned by the solutioa 
becoming exhausted from its position in regard to the positive 
pole. In this case a change of position effects a remedy. It may 
be remarked, that when a bust or any large surface having hollow 
parts upon it, is to be electrotyped, as many copper connections as 
possible ought to be made between these parts and the zuic of the 
battery. Let the connections with the hoUow parts be made with 
the finest wire which can be had, and let the zinc plate in the cell 
have a large surface compared to the surface of the fiirure, and the 
battery be of considerable intensity ; if attention ispaid to these 
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^BlioDS, tLe most intricate tigures and busts may be covered over 
^B^w hours. Care has to be observed in taking ofT the coDuec- 
^B&om the deposit, or the operator may tear ofT a portion of tlie 
^Bit : if the wires nscd are Gne, they shonld be cat off close to 
^■eposited surface. 

^Bnalte Bnita uhI FlRnres. — Basts and figures, and other com- 
^Hled worlis of art, which cannot be perfectly coated with black 
^Binay be covered by a film of silver or gold, which serves as 
^nducting tnedinm to the copper. This is effected by a solu- 
^Kjf phosphorus in Eulpiiaret of carbon. The operation being 
^Bted, we will take advantage of the deiicriptioa given of it in 
^Bpecification. " The solution of pho$;phorus is prepared by 
^H^ to each pound of that substance 15 lbs of the bisulphuret or 
^^k Balphnret of carbon, and tben tboruughly agitating the mix- 
^Bi this solution is applicable to various uses, and amon^t otherx, 
^Htaining deposits of metal npon non-metaUic substauces, either 
^Tbmbining it with tlie substances on which it is to be depoaitecl, 
& ill the case of wax, or by coating the surface thereof. Any of 
he knoipvn preparations of wax may be treated in this way, but the 
«e preferred is composed of from 6 to 8 ounces of the solution: 
1 Iba of was, and 5 lbs of Deer's fat, melted together at a low heat, 
Q account of the iufiammable nature of the phosphorus. The 
■rticle formed by this compositiou is acted upon by a solution of 
ilver or gold in the manner hereinafter described with respect to 
■rticles which have been coated with the solution."' 

coMlngulwioven, tee, — "If the solution is to be applied to the 
nrface of the article, an addition is made to it of one pound of wax 
If tallow, one pint of spirits of turpentine, and two ounces of Indiit 
ubber, dissolved with one pound of asphalt, iu bisulphuret of 
arbon, for every pound of phosphoros contained in the solution. 
Che wax and tallow being first melted, the solution of India rubber 
tod asphalt is stirred in ; then the turpentine, and after tliat the 
olution of phosphorus is added. The solution prepared in this 
oaDiier is appUed to the surfaces of non-metallic substances, such as 
POod, flowers, ic, by immersion or brushing : the article is then 
mmersed in a dilute solution of nitrate of silver, or chloride of 
jold ; in a few minutes the surface is covered with a line film of 
iictal, sufficient to insure a deposit of any required thickness on 
he article being connected with any of the electrical apparatna at 
:>re5ent employed for coating articles with metal. The solution 
iiiended to be used is prepared by dissolving four ounces of silver 
,u nitric acid, and afterwards diluting the same with twelve gallona 
l^prater; the gold solution is formed by dissolving one ounce of gold 
BHtro-mariatic acid, and then diluting it with ten gallons of water.' 
^H^ Repertory o( Patent laverttotiB, lS4i. 
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We have frequently repeated the ojierations described 
patentee with entire satisfaction, and were enabled to corer' 
variety of surface with great facility. 

The Eolations of siker and gold, prepared ns above, will last tor 
Q long time, and do a great many articles. When it is convenhot 
it is best to nae both solutions. The connecting wire slKmtd trst 
be irttached to the ortiele to be coated, before being dipped into 
tlie phosphoras solntion, bnt connected at sncb parts us will not 
hurt the appearance of the object by leaving a mark when it is taken 
off. Care should be taken not to touch the article with the bonds 
after it is dipped into the solntion. The ohject supported by tl* 
eonnectiona is immersed in the phosphoras solntion, where it remms 
for two or three minutes. When taken oat it ia dipped into tto 
silver solntion, and as soon as the surface becomes black, havii^ llv! 
appearance of a piece of black china, it is to be dipped aivmi I 
times in distilled water, and then immersed in the solution of prch ' 
tochloride of gold abont three miiintes; the snrlace takes a hrmte. 
tinge by the redaction of the gold. It is next washed in distllM'l 
water by merely dipping, not by throwing water npon it. Hfr' 
wire connection is now attached to the zinc of tlie battery, and tlM 
the article pat into the copper solntion, an<i in a few tninntes llw 
article is coated over with a deposit of copper. A thin copper 
snrface may thus be given to small busts or figures without HensiUf 
distorting the features by want of proportion. 

Figures from Elastic Moulds. — When taking a wax cast from tix 
elastic mould, described in page 61, we prefer the phospbotfnd. 
mixture. After taking out the mould it is only necessary to mdB 
the connections, and pass it throng'h the gold and silver solatiois, H 
described, and then to connect it with the battery. 

We may also mention that the principal object of making cappit 
moTilds by this process, in the Manufactory, is not to make/ac-jffcti1» 
in copper, but to make ai-ticlea of solid silver or gold. CopiM«f 
highly wrought work, either chased or engraved, or of articles, du- 
plicates of which cannot be obtained, or of which the workmansllip 
is costly, may by this means he made in solid silver or gold, at littw 
more expense than the cost of the metal. Having obtained tin 
copper mould, silver is deposited in it to any thickness, and the coj^ 
dissolved otf. However, an extensive trade is now being oarari, 
on in figures and other works of art deposited in copper and ttffn 
bronzed, which gives them an appearance often not much iuferiorto 
iiOit of antic[ae works of the highest art. 

BlcetrDtypeiftwmlMwaeiTcotnwi. — What may be justly temsd 
the perfection of electrotyping, is the production of electrotypes 
from daguerreotypes. The daguerreotype picture being taken, # 
small portion of the baok is cleaned with sand-paper, taking card 
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■0 allow anytliiag to toQch the face; a little fine solder is placed 
■is part ; a piece of flattened wire, also cleaned, is placed upon 
wider, the whole moistened with dilute muriatic acid, or chloride 
ma. The wire is now held over the gas or a lamp about half an 
■rom the pkite ; the heat is tranemitted through the wire to the 
W, which melts, and the wire ia soldered to the type ; the back 
po protected hy was, and the dagHerreotype is now put into 
fepper solution ia the same manner as a medal -, the deposit 
kde rapidly, and when suCGcieutly thick the two easily se^urate, 
fa impression of the picture is obtained from the daguerreotype 
■n expresBion softer and finer than the original: several elec- 
WpeB may, with care, be taken from one picture. The electro- 
mmy now be passed through a weak solution of cyanide of gold 
fco^ssiam, in connection with a small battery, and thus a 
pM golden tint be gicen to the picture, which serves to protect 
Kb the actioj! of the atmosphere ; but they should also be pro- 
P fay u gloES, which may be fixed on in the manner pointed oat 
pother section. The most successful operators that we have 
n in this and every other department of electrotyping are 
plDinas Patersou, of Glasgow, and Mr Bawtree, of London. 
barfttiiB by Mpnratc BMteiT' — Having described, so far aa we 
W them, the best and most simple means of obtaining moulds, 
Itheir preparation for receiving the deposit of the metal, we 
■ft again to the management of solutions and batteries, and 
L^tlication to other metals besides copper. 
Khongh iu oar account of the porons, or single cell system (pago 
Bre have recomiuended it as the best and most economical for 
■atyping, still many eminent electro- metallurgists prefer using 
buery system; and indeed there are solntions of copper and of 
■llietals,towhiehtheporon6cell system cannot be applied, from the 
■eortUesolotionaudthe necessity of intensity to decompose them. 
Bdle depositing upon a mould by the single cell, let the wire 
ft connects them be cut in the middle, and a mould be attached 
Be end of the portion remaining upon the zinc plate, and a 
■ pUte of copper to the end of the wire remaining upon the 
K in the copper solution, and let these two be put into a second 
H eontaining a solution of sulphate of copper. The action 
■ttu the zinc and medal in the double or first cell will go on as 
Ke — namely, the electricity passing through the porous cell and 
BolatioQ to the medal; but on returning to the zinc it must 
I throogh the copper solution, which is in the second veBsel, 
fttRt the monld and copper plate, where it produces the same 
Ma u in the first cell. The sulphuric acid is liberated at tJm 
KT plate and dissolves it, and the copper is deposited upon the 
■Id, »o that the soluJ:ion iu this cell is maintai'iieOL al o" 
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hence there Id no nerecsity for hanging crysUls of EotphitB U 
roppcr in ttiix xnlution. 

It will be obscrred, that the electririly hiring to pus throifki 
Heeond Bolntion, in made to perform double doty, sod mnst km 
quently he much more emiiomicaL We fonnd the resnltBtol 
tliese: — A oini;le cell, with a mould, was placed two taekl 
from the poroun cell, nnd of the eame size as the line [Ml 
and another, similarly arrnu<;cd, bat connected with a metilnd 
and copper plute of eirailar size to the zinc and capper, il 
placed one inch apart in the copper Bolntion of second ctIL S 
mould in the single cell had gained 100 grains and the zincfM 
lost lOK graiiiH. The mould in the battery cell of the rfl 
arrangement had only deposited npon it 30 graiiiB, the 
had loEt Si} grains; but ttie mould in the second or di 
cell had alFso deposited upon it 30 grains, making 
deposited, for 35 zinc disEolvcd, but taking nearly doable the' 
These arrangements, an we have before observed, 
a modification of a single pair of Daniell's battery connected 
a decomposition cell, tho adrantages of which are not applic 

to Buy other battery,* 
in no other battery A« 
deposition take pbo 
within the battery celfci 
indeed, this method i 
using a compound dspf 
siting apparatus is wq 
seldom employed. Bi 
teries of a different (M 
as Smee's, are gam^ 
(idopted. FignreS4» 




presents a Smee's battery. 
in a separate or de- 
composition cell: and 
Figure 3S is a large 
decomposition trongh 
for doing several me- 
dals at one time: of 
course any battery 
may be attached to 
these medals and plate 
by the brass connec- 
tions seen on the end 
of the trough. Bear 
in remembrance that 
thezinc of the battery 



inected witli a medal and copper |U 
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is connected with the medals, and the copper or platinized silver 
with the copper in the decomposition cell. 

Size •f the Biectrodes. — When a separate battery is used for the 
purpose of depositing in a decomposition cell, there are several con- 
ditions which are well to be observed, as they inflaence the amount 
and character of the deposit. The first is the size of the electrodes 
or medals, in relation to the zinc iu the battery. The results we 
bave obtained may be expressed in general terms. When the 
deposit upon electrodes of the same size as the zinc plates in 
a Wollaston's battery equals 100, that upon electrodes one half the 
afee of the zinc plates in the battery will be equal to 57, and upon 
electrodes double the size of the zincs of the battery 190 ; but this 
last condition is affected by the intensity of the arrangement. 

BtistiTe Power of Batteries. — The following experiments, made 
with electrodes double the size of the zinc plates of the batteries, 
all at equal distances (1 inch apart), will show the relative power 
of the batteries. The time in action was one hour each : only one 
pair of plates constituted the battery. 

Grove's battery deposited . 104 grains. 

Single cell 62 " 

Darnell's 33 " 

Smee's 22 " 

Wollaston's 18 " 

Constancy of Batteries. — But the first hour of the action of most 
batteries differs from an hour afterwards, so that one kind of 
battery may be most useful for a short time, and another sort if the 
action is to be continued for a length of time. The following table 
will Ulnstrate this remark, the condition being the same as in last 
experiment, or the last experiments being continued, and the results 
taken every hour for seven successive hours : — 



1 


1 


2 


3 


4 


5 


6 


7 


! 


1 

1 

Grove's Battery 


hour. 

104 


hours. 

86 


hours. 

66 


liours. 

60 


hours. 

54 


hours. 

49 


hours. 

45 


Total. 


464 grs. 


Single cell . . . 


62 


57 


54 


46 


39 


29 


24 


311 " 


Daniell's .... 


83 


35 


34 


32 


32 


80 


31 


227 " 


Smee's 


22 


16 


14 


11 


12 


11 


10 


U6 " 


Wollaston's . . 


18 


14 


15 


12 


11 


10 


10 

1 


90 " 



To make this comparison more practical, larger plates were used 
for the battery, and proportionately larger electrodes, and the 
battery kept in operation until one pound of copper was deposited, 
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renewing the acid, and brashing tlie zincs ereiry 24 honrs. Tl 
time taken to efiPect this was : — 



Grore's Battery . 
Single cell . . 
Danieirs* . . . 
Sraee's . . • 
WoUaston's 4 . 



19^ fiCMIfo*' 

45 « 

49 « 

147 " 

151 « 



ComparmttTe Produce of Batteries. — The expense of the matt 
rials ased in these experiments was as follows (of coarse the materia 
will differ in cost both at different times and in different localitie 
and more common materials may be used) : — 

By the process with Grove's battery, one pound of deposiU 
copper costs — 

1 lb. Copper, from positive electrode ..,10 

1;^ lb. Amalgamated ziuc 10 

l| lb. Nitric acid 9 

Sulphuric acid ..01 

2 8 
Add time, say halfpenny per hour, for comparison • 9f 

8 5f 

By single cell apparatus, one pound of deposited copper costs— 
1 lb. Sulphuric acid ........ 2 

1^^ lb. Amalgamated zinc 8-} 

4 lb. Sulphate of copper 16 



Time, at halfpenny per hour 




4 8 

By DanielFs battery, one pound of deposited copper costs — 

\^^ lb. Amalgamated zinc 9 

4 lb. Sulphate of copper 16 

1 lb. Copper from electrode 10 

Sulphuric acid . 1 

8 4 
Time, at halfpenny per hour 2 Oj 

5 4^ 

1 The Danieirs Battery used in this experiment had flat plates, not circo 
as described at page 38. 
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battery, one poniid of deposited copper costs — 
10 



1( lb. Amalgamated ziac. 
3 Ih. Salphuric add . . 
1 lb. Copper from electrode 



at halfpeauy per hour 6 Ij 

8 5^ 

flllaston's battery, one pound of deposited copper casts— 

1 lb. Copper from elet-trode 10 

1-^ff lb. Amalgamated zinc 9 

3 lb. Sulphuric acid 6 



at halfpcDuy per hour , 



2 3 



8 6^ 

^iiB adding the time, at a given rate, it serves to illastrate 

fee have before stated respecting the necessity of placing the 

'time against the cost of materials. In H an n factories, where 

( to be paid for, it may be cheapest to nse the battery wilh 

t coetly materials ; but where time is of no cou side ration, or, 

ften the case, if, while the operations are going on, the work- 

» employed in other necessary labour, a cheaper apparatuB 

answer: bnt the student or manufacturer will, by the above 

sral results, be enabled to choose the process most suitable for 

purposes. It mnst be borne in mind that an allowance has to 

Dade on the first, second, and third, for wear and tear of poroas 

not iucluded in the above estimate. Although the results of 

ixperiraenta give, exclusive of time, the cost of one pound of 

;yped copper — thus 

I. d. 
Grove's battery ... 2 8 

Single cell 2 4^ 

Daniell's 3 4 

Smee's 2 4 

Wollaston's . . 




2 3 



e know from long experience in the use of single ceil, Smee's, 
l^ollaston's batteries, for manufacturing purposes, that the 
II the pound of copper deposited may be more correctly stated 
" ' —there being always loss in ma^iig l\ie^a'ces\. M^X'i':. i^fe 
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copper) flrom impure materUlB, m the talptaite of copper, oi 
ordinary copper of commerce which is used as electrodes. 

Mr Smee, in his '^ Advice to ci^pitalists who propose enl 
upon the business of electro-metallargy,'' g^rea a table of ex] 
incarred by the use of different batteries. But his rules are 
too exclusively upon theoretical considerations^ and withou 
regard for practical conditions which are so important to the 
facturer. Mr Smee recommends for use what he calls ^*an odd 
ends battery/' composed of odd scraps of zinc put into acid, 
in the same vessel a piece of copper or platinized silver and 
placed in contact with them which forms the electrode. Th 
tery may be convenient for the amateur electrotypist, as it 
him to use up all his waste zinc. Raw zinc, or spelter, M 
says, may also be nsed in this way, constituting the cheapef 
batteries for manufacturing purposes. The data of his calci 
are as follows : — Tlie copper sheet forming the positive elect 
quoted at Is. per lb. ; wrought zinc, 7d. per lb. ; raw zinc at 
more than half the price of wrought zinc, which we will call 
lb., although he rates it at 5d. Iron is given at from Id. to 
lb. The equivalent weight of copper is given at 32, of ziu< 
and of iron at 28 ; that is to say, 32 parts (say ounces) 
dissolved in the battery will, or should, deposit 32 ounces of • 
and if iron be used, 28 ounces of iron should deposit 32 on 
copper. Hence, in the plain language of a manufacturer, we 
say that, with an odds-and-ends battery and raw zinc, then 
be, for every pound of copper deposited, 

16 oz. of zinc used ..04 
16 oz. of copper dissolved 1 

1 4 

And when iron is used, the expense of depositing 1 lb of 

would be, 

16 oz. of iron, soy ..02 
16 oz. of copper ... I 

1 2 

Notwithstanding these results, Mr Smee proves, by several frf 
formulae and an algebraic equation, that the cost of depo! 
pound of copper is — 

By iron 16 

By odds-and-ends battery 1 0' 

1 Smee's Elements of Electro-metallurgy, 3rd edit. p. 1J2. 



Ml this it may be replied by the manufactarer, that, iu the first place, 
^» 2!iic or spelter nsed iu the way described for an odds-and-eiida 
'aWery would lose two or three timea the quantity that is stated 
^l every wjaiTalent of copper; and, secondly, that this form of 
'attery is altogether unsuitable for manufacturing purposes, even 
"hen amalgamated scrap zincs are used; and, as regards the cal- 
elation, it is not easy to see that, while a pound of copper, dissolved 
rom the positive electrode, origiiially costs Is, it could, notwith- 
ta,Qdin[r, be deposited by the destrnctioB of 1 lb. of ziuc, not iticlud- 
ig acid, &.C., at the expense of only Is. It ought always to be 
smembered, that, for manafocturing purposes, the surface upon 
lucli the metal is to be deposited in general amounts to several 
gaare feet. The article may be, for example, a large ornamental 
ise, hftviug four square feet of surface. Au odds-atid-ends battery, 
• an iron single pair battery, would be too weak. To deposit, 
ith a eeimrate battery, upon u surface such as that of the vase, 
requires two or three pairs of plates to give what we may call 
:onomical power. 

Becoven'orHercnrr fWim waMeZine — The general practice of 
anufacturcrs, when the scraps of zinc become small, is either to 
eat them as referred to at page 26, to distil the mercury from the 
nc, or to sell the scraps to parties who do distil them. This is 
>ne by putting ihe scraps into an iron retort, subjecting it to a red 
^at, and allowing the beak of the retort to pass into a cuudeuser, 
loich has a tube dipping into water. The mercury distils over, and 
>ndenses in the water. The x'me left iu the retort is found to be 
I impure as not to be fit to melt and roll again, but it may be used 
the composition of common brass. Mr De la Ran, in a commuiii- 
itioD to the Chemical Society,' gives the results of several analy- 
cal experiments upon scrap zinc. Before distillation the scraps 
loally give the following results in 11)0 parts; — 

Ziuc 67-3 

Mercury .... 43 

Dross and loss . . 28-4 

100-0 
ft composition of the zinc left after distillation is given as — 
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cmM»«aa< Cell PrMcw^Another method of economixiHg power 
wu propf^sed in what is tenned tbe eompowid eell ^Mm. t^ tM 
it wu uid that the elcciiieit; paniDg throigh a leriM of crib 
would be tblt to produce tbe Mine qnuitl^ of work i> ersi^ ori 
with no more coit. Tbii phn may be sUtcd thos : — 




A ia aSmee'B batterj; the wire z is conducting the electrid^totbB 
compound trough wliich is composed of a series of water-tigU eA, 
laaa, and is connected with a piece ot copper c, fonniag a poriKfc 
electrode ; in the same cell, and facing this electrode, is a meU, 
connected by a copper wire to a piece of copper placed u the seMod 
i.-dl, opposite which is another medal connected in the aamc maimi 
with another piece of copper, and so on throngh the setieB, wfaieh 
terminates with a medal attached to the wire of the battery. Hk 
electricity from the battery passes through all these eelb, ud 
reduces its equivalent in each cell. Thus tlie redaction of 33 grains 
of zinc in the battery wonld deposit 32 graiiw of copper mnlt^ed 
by 6 times, or as many times as there are cells. 

This is correct in principle, and at first Eight seems to be exceed- 
ingly economical ; but it is not ko, for every cell adds so much to 
the resistance of the current, that intensity batteries mast be nied; 
— so that, supposing we have a compound cell of six divisions, in 
which are plated sixseparatemedals, it would require a battery of di 
pairs of plates to give intensity sufficient to overcome the resistance, 
)Uid the same number of mcduls could be made of the same weight 
by six separate zincs, and in less than half the time they could be 
made by this arrangement, ond with a less destruction of zinc. 
For large operations, where the articles receiving the deposits and 
the electrode are necessarily a good way apart, the process is al- 
together impracticable in a commercial point of view. Tliis is one 
of the remarkable instances where theoretical possibility and com- 
mercial economy are at variance. 

BActi •# BesinauM. — At p^e 68 we mentioned, that if a single 
cell deposits 1 00 grains in a given time, and it be converted into a 
battery having tbe two electrodes in a solution of sulphate of eappec, 
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will only be deposited in the same time 30 grains. This is 
BSd b; the extra resistance which the solution between tlie two 
trodes, in the decorapoBition eell, offers to the passage of the 
Itricity, the amount of which corresponds to the amount deposited 
■e latter depending upon the former. 

T we take tvro Btnall plates of copper and nine amalgamated, and 
'b them in dilate snlphuric acid, In contact, but not so close as 
Mevent the gas evolTed from the copper plate to epcnpe, and 
IT them to remain until there have been dissolved from the zinc 
ae, and we call this the measure of the maximnin amount 
ectrieity which that snrfaee of ainc and copper can give out in 
iitime taken to diF;so!re the 100 grains : then, if the two nietnis 
e acid be separated one inch, being connected by a wire or slip 
kipper ahore the liquid, and kept in action the same length of 
'^ as the fornter, there will be diEsolTed from the zinc, only about 
_ If the wire in connection with the zinc and copper be 

nended and cut in the middle, and have a piece of copper attached 
to each of the same size as the zinc plate In acid, and these be 
placed in another vessel containing a solution of sulphate of copper 
(aa^. 5), and put an inch apart, and the whole kept in action tbu 
Btae length of time as before, it will be found in this case that only 
HKrains of zinc are disaoired. From these experiments we see. . 
Hk the resistance of the one inch of acid between the zinc and 
VippeT in the battery, and the one inch of solotion of sulphate of 
copper in the second or decomposition cell, is 90 or nine-tenths, 
■Mily yielding one-tenth of the eleotrieity which the zinc and copper 
are capable of giving, 

^^Bteniltr. — If we now take another zinc and copper plate of the 
^Ee size as the former, and arrange them in the acid solution, anil 
^Hnect them with the copper plates in the decomposition cell, as 
|ewi> in %' &< i'"^ ^^^? them in action the same length of time 
B8 in the former experiments, there will be dissolved from the zinc 
abont 19 grains, and deposited 

upon the copper plate attached y—v /^^ / — n 
otbe zinc in the decomposition ' -^ — '- -*- — '- -*- 
1^18 grains of copper. 
Tf three zincs and coppers be 
Higed BB described and placed 
Fthe acid, there will be dis- 
solved from the zinc plate 26 
grains, and deposited upon the 
copper 2.T grains. If six pairs 

~^~ and copper be arranged as above, and placed in acid, there 
be deposited 36 grains of copper, which we will also take a? 
leaBure of wlmt is dififiolred from tlie imc ■, Ka4SSwi&e\|'ei«.«\ I 
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ziuc and copper be used, there will be deposited 43 grainSy and ao 
ou until the quantity dissolved from each zinc, or deposited on the 
copper plate be 100, equal to that obtamed by the dose contact of 
the zinc and copper in acid, which will require upwards of 30 pain 
of zinc and copper. It must be borne in mind that the same quan- 
tity of zinc will be dissolved from every plate in the arrangement: 
thus, in nine pairs where 43 grains were deposited, there would be 
dissolved from every zinc in the battery 43 grains. 

It will now be apparent that the use of several pairs in the battery 
is to overcome resistance, by which quantity is gained at the same 
time up to a given point; but quantity gained by this means is 
expensive. The 10 grains deposited by the single pair of zinc and 
copper only required 10 grains of zinc, but the 43 gRainsby the 
nine pairs would require 405 grains of ziuc to be dissolved. 

Relative Intensity of BaUeriea — Different batteries have different 
dsgrees of power to overcome resistance, — greater intensity. The 
following experiments will illustrate this : — A single pair of a Wol- 
laston's, Smee's, and Grove's batteries were fitted up as nearly eqosl 
iu circumstances as the different arrangements would allow : wh 
exposing the same surface of zinc, and connected with electrodes 
placed in a solution of sulphate of copper, first 1 inch, then 2 inches, 
3 inches, and 4 inches apart — half-an-hour in each. They were 
then reversed, beginning with the electrodes at 4 inches and conuog 
to 1 inch. These experiments wer^ repeated several times, and a 
mean of the whole taken : the results were, — 



Deposited — 


Wollaston. 


Smee. 


Grove. 


>ilectrodes 1 inch . 


. 8*8 grains 


12-0 


31-0 


2 inches . 


. 6-6 „ 


6-8 


26-0 


3 inches . 


. 4-7 „ 


60 


17-0 


4 inches . 


. 3-0 „ 


4'G 


140 



From this it will be seen that Wollaston's stands lowest in 
intensity, which is more apparent as the distance of the electrodes 
is increased. Smee's is one-third more than WoUaston's at 1 indi, 
and one-half more at 4 inches ; while Grove's is three and a-half 
more than WoUaston's, and two and a-half more than Smee's at 1 
inch, but four and a-half more than WoUaston's and three more 
than Smee's, at 4 inches. If we take the mean of these results as a 
comparison of batteries, their value will stand as under : — 

One of Grove's equal to three of Smee's, 

and to three and three-fourths of WoUaston's. 

The following table gives the results of different batteries, 
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arranged in series, kept in action the same length of time, namely, 
one honr ; the battery plates were very small, the electrodes twice 
the size of the battery plates : — 





One 


Two 


Four 


Six 


Nine 




Pair. 


Pairs. 


Pairs. 


Pairs. 


Pairs. 


Grove's 


55 


72 


93 


97 


98 


Daniell's 


15 


35 


60 


77 


86 


Smee's 


11 


19 


29 


41 


58 


WoUaston's 


8 


15 


24 


33 


48 



This table gives results approaching to and in principle the same 
as the others : it will be observed that one pair of Grove's is equal 
to nine pairs of either WoUaston's or Smee's. It is also worthy of 
remark, that Grove's increases slowly in quantity above four pairs, the 
intensity being sufficient at four pairs to overcome the resistance of- 
fered to the current of electricity. For ordinary electrotyping, in- 
tensity arrangements are unnecessary, except where the article upon 
which the deposit is being made is of such a character as will not allow 
the positive electrode to be brought close to it, or when there are 
deep cut objects, or any circumstance that increases distance and 
necessitates power to overcome resistance. 

node of SuspendinfT Objects for Coatinir- — I" be<]^Miningto operate 
in- the art. of electrotyping, the student often pauses, and asks the 
question, What is the best position in which 
a medal should be hung in the solution ? 
Convenience has brought into general 
practice the suspending of it perpendicu- 
larly in the solution, having the positive 
electrode or pole facing it in a parallel 
clirection ; but to this method there are 
Borne objections. If, for instance, the 
poras diaphragm, or single-cell system 
be nsed, for obtaining the medals, it is 
found that upon the lower portion of the medal the deposition is 
niuch thicker than upon the upper portion. Indeed, wheii even 
ordinary attention is not paid, the lower part becomes not only 
thicker, bnt studded over with round nodules of copper, or with 
^es composed of these nodules, while the upper part remains thin, 
and is covered over with what is termed the sandy deposit copper, 
^dark brown grains, capable of being rubbed off with the slightest 
friction. No doubt this is in a great measnie ifTe^^\i\^^\:$l ^"SS^yaK.- 
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ing the solution; but it ii loeoarenieDt) and reqiiires constant 

attention. 

If a separate battery is nsed, and the deposition of the medal ii 
effected in a separate vessel, bj having a copper positive electrode, 
the same inconvenience takes place to a greater or less extend 
according to the distance at which the two poles are placed. These 
inconveniences are known to all electrotypists, and the cause b 
ascribed to the different densities of the solution. The reason whjr 
the solution becomes of different densities is easily understood in tli» 
single-cell process, there being no copper pole to maintain the 
strength of the solution ; as it becomes exhausted of copper by the 
deposition, the lighter portion floats on the top, and the heavier 
portion remains below ; and although crystals of sulphate of copper 
be suspended in the solution, as they dissolve they sink by their 
gravity, and cause a flow upon the lower portion of the mediEdi and 
conse(|uently a much more powerful deposit But why the same 
should take place with a separate battery, where there is a positife 
electrode of copper being dissolved, just in proportion to thecoj^ 
extracted from the solution by the medals, was for a long time not 
known. 

Non-Trmnifer •f Elements. — In a paper read upon this sulj^jeet 
before the Royal Society by the late Professor Daniell and Pro- 
fessor Miller, they gave, as the results of their investigations, that 
certain metals are transferred by the electric current in small pro- 
])ortion, differing in different metals.^ About the same time the 
author had observed, when operating upon the large scale, results 
which led him to the conclusion, that no metal is transferred in 
any quantity by the electric current, nor any element taking the 
position of the metal in an electrotype, but that the acid element 
was always transferred equivalent to the electricity passing. It was 
thus shown that during the deposition of metal, say copper, in elec- 
trotyping, the acid, when exhausted of the copper at the surfiEMe 
of the medal, is transferred to the positive pole, and dissolves a 
portion of copper ; but this portion is not transferred by the eleo- 
tric current to the medal: hence it will be observed, that the solution 
next the medal will become exhausted of copper, and will conse- 
quently rise to the surface from its greater lightness. There is no 
doubt a flow of stronger solution in a horizontal direction from the 
positive pole to the medal, caused by the lighter portion ascending; 
but this does not mend the evil : the light portion is increasing on 
the surface, and the whole solution soon becomes of different demti- 
ties from the surface to the bottom of the medal ; and this constant 

1 Philosophical Transactions, Part 1, for 1844; and Memoirs and Proceedlnes 
of the Chemical Bociety, Vol. ill. page 63. 
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Irreut of the solution flowing up the surface upon which the eleo- 
Vypist is depositing, causes the lines that are observBd in deposits 
r certain circamstanRes, and which are sometimes very annoy- 
ing. If a Email hollow be in tbe monld, or 
/^ K "N^ eren if a small porlion of a plain surface re- 

I \ sist, the metal will acctiniulate round the 
1 \ edfre of the resffiling portion, giving the de- 

g^ posit an appearance as if made in a flowing 

tP^ j stream, like a stone standing up in a ctirrcnt 

""■W / of water. The black point in the centre re- 
^ ^^ --' presentetiieTeRiBtingBpot RTomidwhichthe 

depodtwiUthickenjCansinga ridge of metal 
to radiate to a point immediately above the 
sting portion. These disappoinljments are much more annoyiug 
iBoIfitionB oF gold and silver than in sulphate of copper, aa wUl be 
Kced Tvhen we come to treat of plating and gilding. A point of 
e or dirt, or small hole not cleaned out, hardly visible to the 
bed eye, will give a very prominent effect upon the plain polished 
'* "a piece of metal. 
From these observations, the reader will now be able to answei- 
■ question — What is the best position to place a medal in the 
^tion ? To make it still more apparent, take a glass jar, 
i with a solution of sulphate of copper ; place a piece of copper 
fen tbe bottom of the jar, and Guspend the medal at tbe top, hav- 
I their two faces parallel; connect them with a battery; in a short 
is the Eolutioa ronnd tbe medal becomes exhansted, and even 
IDtlileEs, the medal covered with a dirty brown powder, and no 
Iher deposit will take place. But reverse the case ; place the 
lal at tlie bottom, and the copper positive electrode at the top } 
I deposition goes oti constant aud smooth -, the solution is main- 
' 'n the same condition as it was at the first, there being a 
tant transfer ; the acid is transferred by the current from the 
bei to the copper pole : the sulphate of copper formed descends 
Eits gravity to the metlal. There are, no doubt, a few slight 
J to placing tbe medal under the positive electrode— such 
Vthe impurities in the copper getting disintegrated, and falling 
rathe surface, bnt a piece of cloth wrapped round the pole prevents 
However, when a fine surface is wanted, care ought always 
[be taken to have clean solutions filtered, tfnd kept covered from 
lt( and when the single cell is osed, the crystals of sulphate of 
tper should be suspended in a fine Unen bug, or the shelf holding 

a be lined with linen. 
itffMts of Dlflitrence In the Senalty of Molntton.^— Although in 
Eciple this is the best method, we believe that very few practise 
Biwcaiise of the trouble attending tlie Btrttn''emeu\. cS 'Jit Aw\.- 
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rodes in this position. When the medals are small the annoyances 
from unequal density are not so material, bnt if the surface of the 
article which is being deposited be large — say eight inches or up- 
wards — the difference in the thickness of the lower and upper por- 
tion of the medal is very great. When suspended perpehcficularly, 
they should be shifted several times, making the upper portion the 
lower, besides occasionally stirring the solution, or shaking the 
article. Indeed when convenient, the article receiving the deposit 
should be kept as much in motion as possible, as it regulates the 
deposit, making it smoother and less brittle. 

Crystals of Copper on Electrodea — It will be found, when work- 
ing with a battery, that the sulphate of copper solution will become 
stronger round the positive electrode, which is gradually dissolved by 
the transferred acid. A frequent effect is, that the electrode often 
gets coated over with crystals of sulphate of copper, which adhere 
with great tenacity, and stop the electric action. XJndCT such ci^ 
cumstances, it is only necessary to clean the electrode from the cry- 
stals and to add a little water to the solution, which Will prevenl; t 
recurrence of the crystals for a time. But the stirring of the 80I0- 
tion occasionally will do much to prevent this crystalization. 
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OF COATING WITH COPPER. 



BcsiDEs the applications aDii proccsGes whicli we liave descril 
ttudar the general term of elect roty ping, there are various appU- 
tatinns of the process of depositing metals upon other substances, 
•hidi have been, and may be still more usefully applied. We may, 
Wi trifling cost, impart a coatiug of copper to cornices for decorat- 
ing haildings, to terra cotta, engravings on wood, &,c., &c., Cloth 
Ob; also be easily covered, aud made to assume, the appearance of 
*8faeet of copper, having the lightness and pliability of cloth. Lace 
^ been covered with copper, and used for battery plates, and has 
sin been gilt aud made into beautiful ornaments. Table-covers 
^titii metallic ornaments richly gilt, and book-covers, have all been, 
Wed with more or less success, although they have not yet b( 
f^tably produced. 

Ctppereii ciotfc,— Ordinary cloth, covered with copper, was per- 
Jared a few years ago in considerable qoantiiies for the covering of 
torfg, wagons, &e. ; hut the necessary price precluded its use when 
competing with the ordinary materials for these purposes, although 
't possesses many eminent qualities for some of these uses — such 
W fonoing firo-proof covers to shelter waggons from the sparks 
diBcharged by a locomotive. The choice of the kind of cloth was 
•Mther difficulty ; liaen was too expensive, and required a good 
•Mating of copper to make it water-tight ; the best substance was a 
feted cotton with India-rubber, but after a few months' exposure 
tee India-rubber in the cioth decomposed. The operations of coat- 
" ith with copper were the Hame as described for the wax 
the cloth was brushed over with a polish of black-load, and 
' jhed upon a frame of wood having a copper band round 
' I were placed small hooks or pins, and the clotli attached 
I r- ~™o. A vat, four feet deep and twelve yards long, was made of 
•^A and cement ; this was divided lengthwise by 
*ith pines the same as a window, which were tHed ia wtW 
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Klazed earthenware plates, cemented by marine glac, and the vhi^ 
made water-tight. Into one division of the vat were placed tbt 
dilute acid and sheets of zinc ; in the other the solution of copper, in 
which was placed the cloth upon the frame. The arrangement wri 
Ro perfect that we have often seen pieces of cloth, twelve ywto 
long by one yard wide, completely covered with copper in ost 
hour. The result of many trials was, that one ponnd weight of 
copper gave a perfect solid covering to twenty superficial Bqnate 
feet of cloth. 

A Bunilar thickness is quite sufficient for other surfaces fur men 
exposure to the atmosphere, such as wood-work, cornices, &c., ud 
may be produced at the same rate, about 3s 6d per pound of copper. 

Besides these applications, many others have been suggested 
and tried with variable success. Some have probably been abwi- 
dolled too BOon, others have bad both capital and talent applied, 
and success is yet to come. We shall only name a few of these 
applications. 

OailGo rrlpten' BoUerH, — So early as 1841 active means wert 
tried to apply the electro- deposition of copper to the preparation of 
loilors for printing calicoes, both by depositing the copper npoa 
was or other moulds, to make an entire roller of copper, or tO 
deposit a surface of copper on other metals, such as iron or brsM; 
but none of them have yet socceeded. To make an entire roUerit 
much more expensive, without an equivalent advantage over da 
ordinary method of casting, roUing, and boring. To deposit alajet 
of copper on iron is attended with many practical difficnlties, both 
in protecting the iron from the acid solution for so long a time as ii 
required to deposit the proper thickness, and in securing Hie 
udhesion of the two metals during the subsequent operations, It 
requires a deposit of about a quarter of an inch in thickness to allaV 
for turning before engraving. There is then the annealing to softCD 
the copper, &c., which interferes with the adhesion of the two 
nietals, probably from their difi'erent rates of expansiou, and otiiW 
causes. Similar objections may be made to the coating ofbrw 
rollers with copper. Numerous and varied have been the eiperi*' 
raents made, but all without success ; nevertheless we have ever 
confidence that means will bo obtained for producing rollers by tlw 
Electro process. 

Etcklns of Boilers- — Another appfication of the process W I 
printers' rollers was to plate the surface of the roller with silver fot ' 
the purpose of etching. The engraving is then made throaghths i 
silver coating ; the roller is next passed through nitric acid, whiot 
ticts upon the exposed copper, the silver taking the place of vamish 
in ordinary etching: but practical difGcoltiea have caused ths 
nbandooment of this application also. 
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FrinttnsLr-^The electro*raetallurgical process has been applied to 
nauy operations in ordinary printing* Mr Warren dk la Rue 
las been eminently successful in many of these applications. It has 
ilso been applied to plates for printing music, and for embossing 
joft materials, such as leather* By depositing a sheet of copper 
apon a skin of morocco leather, it may be used for imparting an 
impression to other skins of leather, giving them the appearance of 
fine morocco. 

The printing of mtisic has also been successfully done by electro- 
typing the plate from a stereotype cast; the same may be done 
from ordinary stereotype plates* 

ciyphosrapiiy. — A process^ which Mr Palmer, the inventor, 
named Glyphography, has been one of the most successful attempts 
to' apply the electrotype to the art of engraving* The principle 
of the invention consists in depositing copper in the grooves or 
engravings made in a layer of some soft substance spread on a sheet 
of copper, and covering the whole with a sheet of electrotype copper. 
The counterpart of the engraving thus produced is used for printing 
from in the same manner as letterpress printers' types or woodcuts. 
It may therefore be called a mode of stereotyping, with this differ- 
ence, that it is made directly from the drawing by the artist. 
The drawing, however, must be made in a particular way, which, 
with the other necessary manipulations, is thus given by Mr 
Pahner : ^ 

*" A piece of ordinary copper plate, such as is used for engraving, 
IB stained black on one side, over which is spread a very thin layer of 
v^ opaque composition, resembling white wax both in its nature 
and appearance : this done, the plate is ready for use. 

" In order to draw properly on these plates various sorts of points 
are used (according to the directions here given), which remove, 
wherever they are passed, a portion of the white composition, 
whereby the blackened surface of the plate is exposed, forming a 
striking contrast with the surrounding white ground, so that the 
artist sees his effect at once. 

'* The drawing, being thus completed, is put into the hands of 
ope who inspects it very carefully and minutely, to see that no 
part of the work has been damaged or filled in with dirt or dust ; 
from thence it passes into a third person's hands, by whom it is 
brought in contact with a substance having a chemical attraction 
« affinity for the remaining portions of the composition thereon, 
whoreby they are heighted ad Ubitum. Thus, by a careful manipu- 
htlon, the Ughta of the drawing become thickened all over the 
plate eqnally, and the main difficulty is at once overcome : a little 

^ Glyphography, or engraved drawing, for printing at tlie ty^ft ^t^^ ^t\^x 
Ae manner of woodcuts, 1844. 
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more, however, remains to be done. The depth of these «•■ 
priiitiuf^ parte of the block must be in some degree proportioniteti 
their width; eonse([aeiitIj, tlic larger breadths of l^hts reqinreti| 
be thickened on the plate to a much greater extent, m order to 
produce this depth. This part of the process is purely meduuiieil|| 
and easily accomi)hshcd. 

" It is indispensably necessary that the printing surfaces of a block j 
prepared for the press should project in such relief &om thebloAl 
itself ns shall ])revcnt the probability of the inking-roller toaduoj 
the interstices of the same whilst possmg over them ; this is aocoB-' 
])lislied in wood engraving by cutting out these interyemng putSi 
which form the li'^hts of the print, to a sufficient depth; bat inglj- 
])hography the depth of these parts is formed by the remaining; p(K* I 
tioiis of the white composition on the plate, analogous to the thin- 
ness or height of which must be the depth on the block, seeing that I 
the hitter is, in fact (to simplify the matter), a atst or revene, (rfttej 
fonner. 15ut if this composition were spread on the plate as thick- 
ly as required for this purpose, it would be impossible for the artitfi 
to put either close, fine, or free work thereon ; consequently the this* 
nest possible coating is put on the plate previously to the drawmj! 
being made, and the required thickness obtained, ultimately M 
described. 

" The plate thus prepared is again carefully inspected through i 
powerful lens, and closely scrutinized, to see that it is ready for the 
next stage of the process, which is to place it in a trough and sub- 
mit it to the action of a galvanic battery, by means of which copper 
is deposited into the indentations thereof, and, continuing to fill them 
up, it gradually spreads itself all over the surface of the composilion 
until a sufficiently thick plate of copper is obtained, which on being 
separated, will be found to be a perfect cast of the drawing whWi 
formed the cUchee, 

^^ Lastly, the metallic plate thus produced is soldered to another 
piece of metal to strengthen it, and then mounted on a piece d 
wood to bring it to the height of the printer's type. This com- 
pletes the process, and the glyphographic block is now ready fortk« 
press. 

*' It should, however, have been stated previously, that if «? 
parts of the block require to be lowered^ it is done with thegreiteit 
facility in the process of mounting." 

This process has, however, not come into much use, as a snbsti" 
tute for wood engraving, in consequence of the impossibility of | 
finding a suitable varnish for the use of the artist or engraver. ^ 
has, in fact, given way to another process, also embraced in Mr 
Palmer's patent, which is worked thus : — A copper plate is etcfcrf, 
bjr the process coramoiiVy evapXo^^^ \i^ ^^^itvi^ra^ the lines b«<j 



GLYPHOGBAPHT. 85 

at into the copper with a bold stroke. The lines are then bitten 
leeper by nitric acid. The etching is made direct^ not reversed^ as 
t is upon a plate that is to be worked at the copperplate press. 
SV'ben the engraving is ready, the etching varnish through which 
[ihe drawing is cut is covered with a condacting substance, and an 
Blectrotype plate is deposited upon the etching. When this is re- 
moved from the mould, it requires to be trimmed, for it is impossible 
to etch a plate, or to bite the etching, so that all the lines shall be 
exactly of the same depth. To remedy this, the face of the elec- 
trotype is levelled by grinding and bnrnishing. The following in- 
structions for artists are published by the patentee : — 

iBttntctloBS on Cttypliosrapliy ior the Amateur. — '' The amateur 
tBUfit remember that hie is producing a work of art for the surface 
press, and not for copperplate printing. 

" The drawing or etching should not be made with lines of equal 
thickness in all the tints. If it is so treated with a thkh line, and if 
the cross hatching bie kept of the same strength as the principal line, 
U wiU appear like a coarse pen-and-ink drawing. If it is treated in 
tiw above manner with a fine line, and the work laid very close, it 
will have the appearance of one of the old etchings. The amateur, 
therefore, will do well to remark, that it is only by a judicious mix- 
ture of bold and delicate work that beauty of style can be obtained ; 
and as the darkest shades are generally foremost, and become gradu 
allj lighter to the distance, so that the darkest or nearest tones 
should generally be formed by the boldest work, and gradually 
iucrease in delicacy to the offscape. 

** Etching is a process nearly resembling drawing with a very fine 
pen or pencil, and should be proceeded with as follows s — 

"Having obtained a polished copper-plate with an etching ground 
properly laid, proceed to put your design upon the plate. 

"If it is a print or miniature that is being copied, you must make 
a Bketch or tracing of the same with a black-lead pencil : it must 
then be traced on to the plate, remembering always, that the proof 
from the block will be in the same position as the etching ; and that 
nothing must be etched or written backwards, as for the ordinary 
copperplat<5 printing. 

" In order to trace the object on to the plate, take a piece of 
transfer paper,^ place it face downwards upon the plate, secure the 
comers virith a piece of wall wax or paste, or hold it steadily down, 
if there is not much to trace; then place on your sketch or tracing, 
go over the outline with your etching-needle or a very hard black- 
. lead pencil, removing a coiner at a time to see that all is correctly 

^ To prepare the transfer paper, take some thin post or tissue paper, mbthe 
flaface well with black-leail, vermilion, red chalk, or any colouring matter: 
*lpe this preparation well oflf with a piece of clean rag, and it will be ready 
fur use. 
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trflnsferred, and nothing omitted, or that the outline be not too 
lieayy aud thick, in which case yon mnst trace lighter, 

" Having thns got your eubject, as it were, sketched npon tlw 
plate, proceed in all respects with your etching-needle as if mafcinj 
a drawing with a black-lead pencil, only working more firmly, tabins 
care always slightly to cut the copper. 

" Be careFul not to try to form the dark touches and the Woci 
parts of the subject with a number of lines crossing and recroESUij! 
each other, but scrape them away entirely with the point of your 
pen-knife, or any other conyenient instrument, 

" In commencing the etching of a view, it is usual to begin witb 
the offacape, etching the same as neatly and as close as tAemtun^ 
the printing mil admit, working more firmly and boldly in erffly 
progressive tone, until you reach the foreground. In portraits it 
is usual to commence with the eye ; and in draperies at the (4ip> 
working downwards. 

"Owing to the great difference between surface and copperpUtB 
printing, depth of tone should be sought as much from the breads 
or thickness of the lines, as fVoni laying them close together i aiid 
on the contrary, lightness of tint must be obtained by the distaiwe 
of the lines from each other, as well as from their delicacy. 

" If you make a false line, or wish to efface any portion of UK 
work, a little Brunswick black, (which can be procured at most oii 
and colour shops), spread thinly, may be used to stop it out ; or nb 
a littlo of the superfluous ground from the side of the plate with* 
camel hair pencil and turpentine : when tliis is dry the work can be 
re-etchetl and finished at pleasure." , 

This last process has afl'orded some eseeilent work in the shiip* 
of maps, among which we may cite the Penny Atlas, published by , 
Messrs Chapman and Hall, Among subjects of a more pictnresqiw I 
nature executed by glypliography, we may instance Mr George 
Cruikshank's etchings of The Bottle. Tliese are snfBcient to sho* 
tliat the art of electrotyping engraringB, though yei in its infancji 
promises to be hereafter of importance in the Une arts. 

copjiag of Copperplate BnerBrtiiB*— Copperplate engraringSi 
of all sizes, and of every degree of excellence, have been copied 
by electrotype. The process is exactly the same as that of m^inB 
a copy of a penny piece, as described at page 49 ; namely, an elec- 
trotype mould is first made in copper, on which, of course, the 
engraving appears in relief; upon which mould any number of 
eteclrotype copies of the copperplate engraving may he deposited 
snceesaively. The duplicates thus made are a<;cnrate copies of the 
original engraving ; but they are rapidly worn away by the frictiol' 
they undergo hi the ordinary process of copperplate printing* 
Theprocess has therefore not displaced the use of engra\'iiig8 on steel- 
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^■MUnB Of Glass and Porcelain. — This is done l)^ pulling a fine 
Hpng of copal TB,riiiEli over the glass, then black-leaiting it, anil 
^HBtiiig the copper. Another method hsE been proposed, namely, 
^■nke a varnish of two parts asphaltnm and one part mastic, b; 
^B[ these together, and, when cool, dissolving the mixture in 
^/[p o£ turpentine to a syi-up conEistence. To prevent the deposit 
^^pg off the glass, the vessel is lirst corroded by the fiiniea of 
^^pfinoric acid. A solntion of gntta percba or benzole has alEO 
^H proposed aa a rarnish for fixing on the black-lend and 
^fct.' 

^BtOftE, basins, and other chemical vessels, are sotnetinies covered 
^B'Copper for their protection during boiling and evaporation, 
^^p saucepana hare also been made and covered with copper to 
^HMie place of tinned copper vessels, but the adhesion of the 
^B upon these substances, even when we attempt to secure it 
^Re means above referred to, is never so perfect but that after 
Bnrt Qse the deposit of copper loosens from the vessels. There 

llieti great liability for liquids to get between the coating and 
le vessel, and when heat is afterwards applied these liquids satn- 
tted with verdigris boil out. Consequently such coverings are 
)t ^ell adapted either for culinary purposes or delicate chemical 
derations. They have, notwithstanding, been highly recommended, 
id tlie practice of covering the bnlbs of large plain retorts, Ac, 
aj be useful in a few large manufacturing operations, but our 
^pofience is certainly not favourable to their general use. 

Mr John Ridgway, of Cauldou-pkee, Staffordshire, china manu- 
cturer, has recently patented certain imjirovements in the method 
' process of ornamenting or decorating articles of glass, china, 
irtheawarc, or other ceramic manufactures. In the specification 
■ his patent, just enrolled, Mr Ridgway states that liis first object 

to apply a new glaze, which shall enable the metallic coating to 
Ibere firmly, by capillary attraction, and give affinity for copper 
; a firat coating. In pursuance of this, he first submits the article 
I an alcoholic solution, or a gelatinous solulion. He then brushes 
rw it an impalpable powder, composed of half carbnret of iron, 
id half sulphate of copper. The article thus treated is theu to be 
>rroded by the fumes of hydrofluoric acid. The article is then 
) be smoothed, by brushing it over witii silver sand, or by the 
jratcli-brush ; but when the shape and nature of the article will 
ot admit of this, it is to be plunged into a liquor, conMsting of 6 
aarts snlphuric acid, 4 quarts aquafortis, | oz. muriatic add, and 
. quarts water. Grease is to be carefully removed from the article, 
' k thin film of meronry is to be applied. The soiution of copper 
■ ■ B of 1 sulphate of copper, and 4 filtered water. Suitable 
KlProgress of General Science, vol. il.-, and Pharm. 3oiiiCtta\,No\."s'i'i^- 
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Hiiliit'ouRforKilrGrin^or^ildiDgaretobeai^liedyfaiaoeordAncevilk 
tho practice ofrh^rtrotypiiif?. The claim fa not to the loliitioni tb 
coAtiii^T Hs Huch, but to the application of "ehctrotjpiDg," or eleebo* 
inetiilhir^y, to tho olijcc*tH stated in the title, provided the artichi be 
HO pri'pared m to allow them to combine from an alloy with thMi 

On OaiTABie a«Mainff.— Among the many applimtioM of tb 
(loposition of metnls, there is one we have been often naked alMMti 
iiaiiioly, if it would not be possible to tolder difTerent nelib 
tojcethor by that process. The following article, whieh fa tata 
from tlie TiM^linoIof^ist. will s^ivc a full reply to all who may bertfl 
in(|iiiriiiK for tliiri ajiplicution : — 

'*' TiKlcr tlie name of fralvanic soldering, a process is known by 
luciiiiH of which two piece's of metal may be nnited by meaai of 
nnotiier mcttil, which ifl pre<:ipitated thereon through the agency of 
a galvanic current. Tliis mode of soldering by the * wet metkod' 
has l)ocn often rccommendefl in various periodicals relating to tin 
industrial arts ; but it has been objected that, practically Bpeakisff 
tho union between two pioeos of metal could not be effected bf 
nioniiH of a motal pn*cipitatcd by galvanic agency. In order, how- 
over, to arrive at a dcfiiiite conclusion npon thfa question, M. EIner 
undertook tho following experiments, the results of which an is 
favour of the practical use of the operation of soldering by gahaoir 
afToiicy. In (conducting these experiments, the kind of battery * 
known as Danieil's * constant battery' was employed; and upon 
the 011(1 of the co])per wire, which formed the negative electrodo^t 
strong rin;^ of sheet-copper was placed. This ring was cnt asondrr 
ut one point, and the distance left l^etween the several parts wbb 
about tho Kixtieth of an inch. At the end of a few days (dorii^ 
which time the excitiuf^ li((aors were several times renewed) the 
space in the severed portion of the ring was completely filled op 
with copper regulus, which had been precipitated; and on partisDf 
cutting with a iilo through the part thus filled up, and ezamiuinir 
it with a lens, it was observed to be very equally filled witJi solid 
and coherent copper. 

^' Another copper ring was then cnt into two parts, and the two 
Konii-an<j^ular segments thus obtained were placed with the (kces of 
the sections opposite each other, and submitted to the action of s 
galvanic current. At the end of a few days, the segments were 
united by the copper precipitated, thus forming again a complete 
ring. It was also found in this case, on removing with a file a por- 
tion of the thickness of the ring at the points of contact, that the 
spaces had been completely filled up by copper galvanically precqa- 
tated, which had nnited the whole. On observing these points care- 
fully with a lens, the regular deposition of the copper conld be 
readily traced between the formerly separated portions of the rii%« 
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KA (bird esperimoDt was made in the following manner; — T«o 
BOg ringa of sbeet-copper were laid with tlieir frestly-cut fucea 
B upon another, so that t!ie two rings eonstittited a cyliiiilcr. 
Kee rings were Burroiinded by a. band of Bheet-lin which wns 
Bted with Oi solution of wax, so ttiat the two rings were eq'iaily 
Broanded by a conducting material. Thus disposed, these rings 
Be attached to llie negative wire of Ihe battery, and immersed in 
Bbatb of Bulpliale of copper. At the end of a few days, the iu- 
Bor surface of the ringa was covered with precipitated copper, 
U betweea the contact surfaces of the two rings copper was also 
ncipitftted. These rings had only been submitted to the galvanic 
urent to snch an extent as to cover their interior surface with a 
Ut coating of precipitated copper, and yet they were already coni- 
Bely re-united, and formed a cylinder consisting of a single piece, 
b exterior condncting covering consisting of a sheet of tin, was 
ftonrae removed before testing the cohesion or persistence of the 
Branic precipitate. It may be i-emarked, that tbe^e rings, after 
Bkg for a certain time in contact (daring the galvanic action), 
Bather with the plate of copper upon which they rested, became 
Beacrnated with precipitated metallic copper that some force wn 
Hid necessary to eS'ect their detachment from the copper wire. 
V There would appear to be no doubt, then, according to the 
Bilte obtained in the preceding experiments, that two pieces of 
Btal may be firmly nriited by means of galvauically-precipitated 
Bper: in a word, that soldering by galvmiie agency is perfectly 
Bcticabie. It will, therefore, be possible to firmly unite the 
Bferent parts of a large piece of metal, and to make a perfect 
nre of them by galvanic precijiitation of a metal (copper, 
Binary cases). If aolutions of salts of gold or silver were em- 
Bji^d in as concentrated a form as those of copper above mea- 
Bied, there is reason to believe that galvanic soiilering would 
B> result. In fact, M. de Hackewitz states, that in some experi- 
nte on a larger scale which he undertook, to obtain hollow J 
Kres by gal van o- plastic means, he had remarked that galvanic 1 
Boo often took place between the pieces operated npon. M. Eisner ] 
mteB, that while conducting the experiments above-mentioned, he 
Barked that, by employing too powerful a current, the negative 
Betrodes of copper, and even the plate of copper, and ring of the 
mK metal resting thereon, became covered with a deep brown 
■stance, in the same manner as this occurs under similar circum- 
BBces in galvanic gilding, aa is well known. After several nnsuc- 
Bpfiil attempts to prevent the formation of this brown coating, M. 
Beer found that it was possible io remove it entirely on immersiig | 
B articles covered therewith, during a few seconds, in a mi.Mura I 
■sulphuric and nitric acids. By this mcouB t.\\e ■g'CftCTj\\a\ftii. t^"$- I 
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per was made to assaroe its nataral red colour. The possibility of 
practically effectin^c the operation of soldering by galFftoic agencf 
may be explained in a few words, in a theoretical point of vieir. 
The article is, in fact, in an electro-negative state of exeitation, 
whilst the zinc operates positively; the result is, that the faces which 
are placed opposite each other, when the ring has been cot, an 
negative ; that is to say, in an electric condition of the same deno- 
mination. During the progress of the electrolytic decomposition of 
the metallic salt in solution (sulphate of copper in the above case), 
the electro-positive molecules of copper which are detached simol- 
taneonsly arrange themselves upon the two opposite faces, and in 
the direction of the break. Now, from the moment that these mote- 
cules are deposited they constitute, with the piece, a homogeneous 
mass ; and from that time act negatively upon the copper which is 
contained in the solution, and again precipitate copper in the form 
of regulus. This method of operation continues until the space 
which existed between the two separate pieces of metal is filled up 
with metallic copper ; in fact, the layers of copper which become 
deposited in an equal manner upon the contiguous faces of the 
metal, gradually diminish the distance which separated the latter, 
until at length the metallic layers which cross in the opposite direc- 
tion meet each other ; the result being that the whole of the break 
which originally existed between the faces will have disappeared, 
and become filled up with copper. 

*' With respect to the solidity (the degree of cohesion) of the 
galvanic soldering, it is the same as that of copper or other 
metal precipitated by galvanic agency. It will, moreover, be well 
understood, that too energetic galvanic excitation must have an in- 
jurious influonco upon the cohesion of the metal precipitated ; and in 
this case precisely the same phenomena will be observed as those 
which have long manifested themselves in ordinary galvano-plastic 
operations." — L. Elsnkr : Technologist 

We mention another application of the electro deposition, which 
might be extended. 

Gaivano-piaitie Niello. — Niello, a peculiar style of enamellinji:, 
consists in engraving or stamping figures on a plate of silver or gold, 
and then filling the incised lines, or impressed pattern, with a sort 
of enamel, differing, however, from true enamel, which is a kind of 
glass, by being formed of a mixture of the sulphurets of lead, silver, 
and copper. This mixture is of a black colour — hence the name 
niello, from nigellum, derived from niger, black — and when melted 
into the intaglio parts of a plate, gives it somewhat the appearance 
of an inked engraved copperplate. A new kind of niello work has 
lately been introduced on the Continent, in which, however, the 
figures are not produced by an enamel of sulphuret of silver, as m 
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the true niello, but by a different coloured metal ; thus on a plate of 
gold maj be produced fine engravings, the lines of which are in 
silTer, and so on. This can be effected in two ways: first, by cover- 
ing the plate to be ornamented, with a varnish exactly as is used in 
etching ; the pattern or ornament is then to be engraved on this 
Tarnish, and the metallic surface etched out to the proper depth. The 
engraved plate is to be placed in a solution of the metal intended to 
form the pattern, and a deposit allowed to form, in the usual way 
adopted in all galvano-plastio works. When the intaglio lines have 
been completely filled up by the deposited metal, the plate is 
removed iVom the solution and ground, when the pattern will be 
fullgr developed. ' The second method consists in sketching the 
ornament on a sheet of paper with lithographic ink, placing this, 
with the side upon which the drawing was made, upon a plate of 
silver or other metal to be ornamented, and pressing them together ; 
the paper is now removed with water, slightly acidified, leaving the 
ink adhering to the plate, which is to be sprinkled with sand. 
When the ink has fully dried, the sand is blown away ; the plate is 
placed in a solution of the metal which it is intended should form 
the ground, and put in connection with the battery. By this means 
a deposit will be formed over the whole surface, except the parts 
protected by the ink ; on the removal of the latter with alcohol or 
spirits of turpentine, &c., the original metal will be exposed, forming 
a pattern. Many highly ornamental and useful applications might 
be made of these processes, especially in the manufacture of church 
famiture. Instead of simply engraving the name and legend upon 
pieces of plate presented to persons, it might be put in iu letters of 
gold at very little more expense. 



BROyZIXG. 

We have already mentioned that nhen a medal has been mito 
from a metallic m'ould, protected by a little wax dissoWed in turpen- 
tine, it retains its bright eopi>er lustre for a long time^ CTen wbea 
exposed to the air; but generally the copper medals and other obj«l« 
are verv liable to tami-h, for which reason it is usual to give thm 
a coaling of bronze, that they nniy acquire a permanently agreeaWe 

appearance. , 

Br»wm ■!•■«••.— Bronzing is effected by several very smipte 
methods, the most common of which is the following : — 

Take a wine-glass of water, and add to it four or five drops of 
nitric acid ; with this solution wet the medal (which ought to have 
l.>een previously well cleaned from oil or grease) and then allow it to 
ilry ; when dry impart to it a gradual and equable heat, by which 
the surface will bo darkened in proportion to the heat applied. 

▲iMther Method. — Make a thin jmste of crocus and water: lay 
this paste on the fai*e of the medal, which must then be put into an 
oven, or laid 0:1 an iron plate over a slow fire ; when the paste is 
perfooilv reduced to powder, brush it off and lay on another coating; 
at ihe same time quicken the Bre, taking care that the additional 
heat is uniform : as soon as the second application of paste is 
ihorouirhly dried, brush it off. The medal heuig now effectually 
seourt=^d from grease, which often occasions faOnres in bronzing, coat 
it a third time, but add to the strength of the fire, and sustain the 
!»eai for a considerable time : a little e3cperience will soon enable 
the amateur to dev'ide when the medal may be withdrawn; the 
tliird coating being remoxed, the surface will present a beautiful 
brown bronze. If the bronze is deemed too light the process can be 
repeated. 

Another very simple method is this : after the medal Is weU 
cleaned from wax or grease, bv washiutir it in a little caustic alkali, 
brush some black lead over the face of it, and th«i heat it in the 
^°"«^y as described for crocus; or a thin paste of black lead may 
^^^d, and the prvvesses already referred to be repeated until the 
<»urea brown tint is obtained. In this kind of bronze a litth 
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^wnntilic iron ore, which has an niictnons feel, may be brnsiied 
^Ber ihe face of the bronze, by which a beantifnl Instre is imparted 
^^^ and a considerable variety in the shade may be obtained. In 
^H browD bronzes the copper is slightly oxidized on the sarface. 
^■inmek Bronzes, — A rery dark-coloured bronze may be obtained 
^■bung a little snlphiiretted alkali (suipburet of ammonia is best), 
^^fc face of the medal is washed over with the eolution, which 
^^pld be dilate, and the medal is to be dried at a gentle heat. It 
^K}ld afterwards be poliehed by a hard hair brush. Salpheretted 
^Hrogen gas la sometimes employed to give this black bronze, but 
^Hfcilect of it is not so good, and the gas is very deleterious when 
^Hhthed. In these bronzes the surface of the copper Is converted 
^B & sDlpbnret. 

^Hfany metallic solutions, such as weak acid solutions of platinam, 
^Hfl, palladium, antimony, &c., will impart a dark colour to the 
^Hpce of medals when they are dipped into them. The medal after 
^Hg dipped into the metallic solution is to be wei! washed and 
^^Uied. In such bronzes the metals contained in the solution are 
^^^pitated upon the face of the copjier medal, which effect is 
^^pjmpanied by a partial solation of the copper. 
f- Creen Hronze*. — Green bronzes require a little more time than 
those already described. They depend upon the formation of an 
acetate, carbonate, or other green salt of copper upon the surface of 
1 he medal. Steejiing for some days in a strong solution of common 
p-jtt will give a partial bronzing which is very beautifal, and if 
washed in water, and allowed to dry slowly, is very permanent. 
Sal ammoniac may be substituted far common salt. Even a strong 
itioa of sngar, alone, or with a little acetic or oxalic acid, will 
jdnce a green bronze; ho also will exposure to the fumes of dilute 
'c acid, to weak fumes of hydrochloric acid, and to several other 
A dilule solution of ammonia allowed to dry upon the 
toer anrface will leave a green tint, but not very permanent. 
Blectrotypes may also be bronzed green, having the appearance 
mcient bronze, by a very simple process ; take a small portion of 
Wbing powder, place it in the bottom of a dry ressel, and suspend 
ijDedal over it, und cover the vessel : in n short time the medal 
Ltake on a green coating, the depth of which may be regulated 
■he quantity of bleaching powder used, or the time that the 
Mai is suspended in its fumes : of course any sort of vessel, or any 
means by which the electrotype may be exposed to the fumes of thu 
powder, will answer the purpose : a few grains of the powder is all 
that IB required. According as the medal is clean or tarnished, dry 

Kwet, when suspended, different tints with different degrees of 
lesion will be obtained. 
ffae greeu bronzes are generally applieA to ft^atcs ^wii.\i\is,Vi. 
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These directions and bints will enable the student to Tary his 
hrunzes. rraetice will give him perfection, and enable him to fix 
upon that which best pleases his taste. Scarcely two electrotjpists 
uurree upon the same method of bronzing, but differ in some little 
(ictailH of practice, or on some |)oint of taste. Each prefers the pkm 
that has ^iveu to him his l>est results, and which he can hsrdlj 
iiupurt by description to another. 

Should the electrotypist wish to coat the copper medal with another 
metal, as silver and gold, directions will be given under plating and 
gilding how to proceed to effect his purpose. 
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COATING OF IHoy WITH COPPER. 

EDES making articles of solid copper, we may at a small cost 
Jwe a coating of copper to another metal, such as iron, which if 
Vept iu a dry place, will retain the appearance of copper for any 
length of lirae. But in corering iron with copper, or any one metal 
with another, great care must be taken that a proper kind of solu- 
tion be used. 

It is a fa.miUar fact, that if a piece of iron, such as the blade of a 
knife, be dipped into a solution of sulphate of copper, it receives a 
mating of that metal. This is often described as the result of gnl- ' 
vaiiic action, bnt there is no more galvanic action in this than in any 
ordinary chemical combination ; it is pimply a case of chemical snb- 
siitntion ; the acid that ia in union with the co]>per liaring a stronger 
attraction for iron, leaves the copper, and combines with the iron : 
the copper is left on the surface of the iron, but the two motala not 
having snScient polar attraction to canse them to adhere so tirmly 
as to exclude the action of the acid, the copper is undermined, and 
falls fo the bottom of the solution as a powder. After some copper 
has fallen upon the surface of the iron, local galvanic action is in- 
dnccd between it and the iron ; bat this secondary action is alto- 
gether distinct from that which first takes place. 

Any solution that has the power to give a metallic coating to a 
metal when dipped into it, should not Ire used to coat that metal by 
electricity. 

The attraction of the common mineral acids for the ordinary 
metals is as follovre: — Zinc, iron, copper, nickel, silver, gold, 
platinom. 

If the metal to be deposited be copper held in solution by an acid, 
my Bolphuric acid, then iron or zinc cannot be coated with copper 
from this solution ; the scid having a. grectet aXU&iAxQYk i>n "^bK^N^ 
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metals, will leave the copper and combine with them as describel 
above : but if the metal to be coated be any of those under coppOi 
in the above table, then no chemical action will take place, and M 
deposit will be made, except as the effect of the electric current id^ 
troduced by the battery. This we believe is the cause whyDek 
Rive, Spencer, and others, failed, at an early stage of the art, ii 
their experiments in plating and gilding, as they employed add so- 
lutions, which are quite impracticable when used for depositmg upon 
inferior metal?. Under these circumstances, other solvents for the 
metals must be used, which have a different relative attraction for 
the metals than the acids have. The substance first applied for thil 
purpose is, ofter sixteen years' experience, still found to bethebert 
— namely, cyanide of potassium. 

<7yanide of Potassiom. — This substance may be prepared by ex- 
posing ferrocyanide of potassium (yellow prnssiate of potash) to i 
red heat in an iron crucible ; then pounding the mass, and boiling 
it in alcohol of about spec. grav. 0*900 : cyanide of potassium crys- 
tallizes on cooling the resulting solution. It is now, however, 
almost universally prepared for electro-metallurgical purposes, byi 
proco-s which was iirst suggested by Messrs P. and B. Rodgers, 
but afterwards more fully explained by Prof. Liebig, and hence 
called "Liebig's Process:" it is at once both simple and easy of 
performanc \ 

Ferrocyanide of potassium, pounded fine, is dried over a dov 
fire (we have found an iron plate, or clean shovel, to serve the 
purpose very well) : it must be constantly stirred to prevent its 
forming a cake upon the hot irpn; when perfectly free from 
moisture, 8 parts must be thoroughly well mixed with 8 parts of 
carbonate of potash, also well dried : put a cast-iron crucible into 
the fire, and, when it is red hot, nearly fill it with the mixture, and 
keep up the heat by occasional augmentations of fuel : the crucible 
should be kept covered as much as posssible. In a short time the 
whole fuses into a beautiful liquid with the evolution of gas. It 
shonld be kept in this state for 10 or 15 minutes, being occasionailj 
stirred with an iron rod : the portion adhering to the rod shouU 
be examined from time to time, and when the liquid on it codf 
white, it is an indication that it is ready to be removed from th< 
fire ; but the first time a cast iron crucible is used, this test wil 
not be so accurate, the salt having then a light grey colour, Whei 
the crucible is removed from -the fire, it should be placed upon i 
stone, the mass stirred, and then allowed to settle for a short tunc 
after which the clear, or liquid part, is to be poured off into a clea 
iron vessel The sedUnent should be scraped clean ont of th 
crucible while it is hot, as the crucible will do to use again seven 
times ; but if the mass at bottom be allowed to cool, it will I 
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ifficult to remove it from the crucible afterwards. The clear 
quid poured off is cyanide of potassium, having from 25 to 30 per 
But. of cyanate of potash, and other impurities generally contained 
1 commercial yellow prussiate of potash : 80 per cent, of cyanide 
if potassium is the greatest proportion that this process can give. 
ffe have occasionally obtained it at 78 per cent, from commercial 
naterials, but more generally at 70 and 72 per cent. ; and we have 
\nuid cyanide of potassium in the market containing as little as 49 
^ cent, of pure cyanide. 

The results of the manufacture of this salt on a large scale, from 
4» ordinary materials of commerce, show that 55 lbs. of yellow 
WUBsiate, dried as directed above, yield 48 lbs.; and 19 lbs. of car- 
bonate of potash give 18 lbs. of dry salts; in all 66 lbs. of the proper 
inxture. The crucible used was of this shape, fig. 40, 
capable of holding from two to three pints : in general 
"WO of them were used up in making the above quantity 
rf cyanide, even when great care was taken. One 
peat cause of the crucible giving way is the depth 
>f the fire, and openness of the bars of the grate. 
The bottom of the crucible, between each pair of 
Jars, fuses from the great heat concentrated near the opening. To 
•wnedy this evil, a square tile of fire-clay should be laid upon the 
Mws upon which the crucible is to rest. The tile must not cover 
ill the bars, else the draught will be stopped — an equal space must 
le left at each side of the tile, which will preserve a regular heat 
round the crucible. 

The quantity of clean cyanide of potassium obtained from the 
bove quantity of materials was about 38 lbs.; the sediment scraped 
Dt of the crucible, being put into water, yielded about 6 lbs. more 
I solution, but of inferior quality — good enough, however, for 
redpitations, the cleaning of silver, and other general purposes in 
le factory. 

It may be mentioned that in these operations the crucible is 
jver allowed to cool, but as soon as the sediment is scraped out, 
is again put into the furnace. If the iron sediment is not well 
eared out, it imbibes oxygen rapidly, and the charge next taken 
3m the crucible will have an excess of cvanate of potash, besides 
NseniDg the capacity of the crucible. Generally speaking, bow- 
er, even when the utmost care is taken, the last charge has more 
anate of potash than the first. 

CjmuMAe 9f Copper. — To prepare copper solutions by means of 
anide of potassium, for covering iron and other positive metals, 
ere are several methods. 

First Method. — To a solution of sulphate of copper, add by 
grees a solution of cyanide of potassiwin, 'v\iit\i ^«^" ^vi^ ^ 

H 
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yellowish green preripitate, with slight effervesce Qce. There trill 
be evolved a, gas, having it most pungent odonr, to prevent Iba 
inhalation of which the most watchful carefulness has to bM 
exercised, as it is rery deleteriouB. It will be found that tin 
copper is not all precipitated by the fryauide of potsBsinm, for 
ercording to this mode, whea a precipitate ceases to be fonne^ 
the Bolntion remains greenish blue, probably owing to the decoa- 
position of the cyanate of potash, and the formation of ammomt, 
which holds copper in solotion, and forms also some complicated 
compounds with the cyanides of copper. If cyanide of potasainiD is 
added until the blue solution disappears, still copper is held in the 
solution, and may be detected by taking out a little, and adding to 
it a fi)W drops of sulphuric acid, which will give a white precipitole 
of sabcyanide of copper. The loss of copper sustained is the onk 
objection to this mode of preparing a copper solntios. The cyani* 
of potassium is added until a precipitate is no longer fomicdi itij 
then allowed to settle, the clear liquid is poured off, and the vessel 
is to be filled with water: when the precipitate has again settled, ths 
liquor is ponred off, and this washing is repeated four or five limra, 
in order to wash out the sulphate of potosii which is formed iluruij 
the precipitation. After being thus washed, a solution of cyanide 
of potaBsiom is added to the precipitate until it dissolves. The 
coppering solution is now complete : it is of a light yellow eolonr, 
and ia well adapted for ordinary purposes. The loss of copper!*, , 
however, considerable, being about one-fifth of the whole. 

Second Method. — A coppering solution may also be prepared by 
adding cyanide of potassium, to oxide of copper, or to carbonateof 
copper, until it is dissolved. But these solutions are objectionable, 
the latter especially so, H3 it contains a great quantity of carbiman) j 
of potash, formed from the mutual decom]Kisition of the carbonate 
of copper and cyanide of potassium, and the carbonate of potsdi 
deteriorates the solution; the former leaves potaah in the BolutiiM, 
but this is not so bad as the carbonate of potash. 

T/iird Method. — The method we have adopted in manufaetnriDJ 
purposes is as follows : — To a solution of sulphate of copper, we adJ 
a solution of ferrocyanide of potassium, so long as a precipitate con- 
tinues to be formed : this is allowed to settle, and the clear Kqnot 
being decanted, the vessel is filled with water, and when the pre- 
cipitate settles, the liquor is again decanted, and we continae to 
repeat these washings until the sulphate of potash is washed quiU 
out. This is known by adding a little chloride of barium to a small 
quantity of the washings, and when there is no white precipttBlo 
formed by this test, the precipitate is snCEciently washed. A soln* 
tion of cyanide of potassium is now added to this precipitate unlflit 
'ng which process the solution becomes warm bj 
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^^■cbemical reaction that takes place. The solution is filtered, ^H 

^H| allowed to repose all night. If the solution of cyanide of ^H 

^HUsfiiniD that is ased is strong, the greater portion of the ferro- ^H 

^Euude of potassium crystallines in the solution, and m3,j be col- ^H 

Bpetcd and preserved for nse again. If the solution of cyanide ^| 
n)t potftssiura used to dissolre the precipitate is dilute, it will be 
necessary to condense the hqnor by evaporation, to obtain the 
jellow prnssiate in crystals ; the remaiuing solution is the coppering 

solution, Shonid it not be couTenient to separate the yellow prns- ^^ 

state by crystal lizittion, the presence of that Gult in the solntion ^H 

does not deteriorate it, nor interfere with its power of depositing ^^M 

vopper. ^H 

PccuUarltiei In working Cyanide ofcopiier SoIuUnn. — The troe ^^ 
composition of the salts thus formed by copper and cyanide of potaa- 
fiam has not yet been determined, heuig both various aud complica- 
ted, bat their relations to the battery and electrolyzation are peculiar. 

Tlie solution mast be worked at a heat of not less than from 150" ^H 

to 200" Fahrenheit. All other solotions we have tried follow the ^H 

laws laid down by Spencer and Smee, namely, that if the electricity ^H 

3l so strong as to cause gas to be evolved at the electrode, the ^^| 
^KetalwIU Ije deposited in a sandy or powdered state; but the solu- 
^Bb of cyanide of copper and potassinm is an exception to these 
^nn, as there is no reguline deposit obtained unless gas is freely 

Knolved from the surface of the article upon which the deposit is ^^ 

taking place. This necessitates the use of batteries of several pairs ^H 

iDtensity, varying from dve to nine pairs of Wollaston's battery, ^H 

wcording to the heat and the state of the solntion. ^H 

As this solntion is used hot, a considerable evaporation takes ^^ 
place, which requires that additions be made to the solution from 
time to time. If water alone is used for this purpose, it will pre- 
cipitate a great quantity of copper as a white powder, bnt this is 
[ifeveuted by dissolving a little cyanide of potassium in the water at 
:liG rate of about four ounces to the gallon. The vessels used in 
i-'.tories for this solution are generally of copper, which are heated 

oyer a flue, or on a sand-balh, — (be vessel itself serving as the ^^ 

jQBtire electrode of the battery; but any vessel will suit if a copper ^^M 

^■lilrode is employed, when the vessel is not of copper. ^^M 

^PVrqmraUan of Iran (br EoatlnK witb Copper — When it is ^^| 

^*qnired to cover an iron article with copper, it is first steeped in ^H 

hot caustic potash or soda, to remove any grease or oil. Being ^H 

washed from that, it is placed for a short time in dilute sulphuric ^^M 

acid, consisting of abont one part of acid to sixteen parts of water, ^^M 

Hjiieh removes any oxide that may e:(ist. It is theu washed in ^H 

^■Msr, and scoured with sand till the surface it« perfectly clean, and ^^M 

^^ptly attached to the buttery, and immersed in the cyanide «Q\'a.- ^^M 
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tion. All this must be done with despatch, so as to prevent the iron 
from combining with oxygen. An immersion of five minutes' dura- 
tion in the cyanide solution is sufficient to deposit upon the iron a 
film of copper. But it is necessary to the complete protection of 
the iron, that it should have a considerable thick coating : and, a8 
the cyanide process is expensive, it is preferable, when the iron hb 
received a film of copper by the cyanide solution, to take it oat| 
wash it in water, and attach it to a single cell or weak battery, and 
put it into a solution of sulphate of copper. Jf there is any .part not 
sufficiently covered with copper by the cyanide solution, the sul- 
phate will make these parts of a dark colour, which a touch of the 
finger will remove. When such is the case, the article must be 
taken out, scoured, and put again into the cyanide solution till per.- 
fectly covered. A little practice will render this very easy. The 
sulphate solution for covering iron should be prepared by adding to 
it by degrees a Httle caustic soda, so long as the precipitate 
formed is re-dissolved. This neutralizes a great portion of the sul- 
phuric acid, and thus the iron is not so readily acted upon. 

Effects of Condnctingr Power In Solntlons and Metals. — In cover- 
ing iron, platinum, or such comparatively bad- conducting metakf 
with other metals that are good conductors, or the solutions <rf 
which are good conductors, the property of conduction in relation 
to the solution is beautifully illustrated. If we take a copper wire, 
say 8 or 10 feet loner, one end of which is attached to the zinc of a 
battery, and laid parallel with the positive electrode into a solation 
for the purpose of receiving a deposit, it will be found that the 
greatest amount of deposit has taken place at the end furthest fiwm 
the battery : but if an iron or platinum wire be substituted for the 
copper one, the contrary result will take place ; for the end furthest 
from the battery will be the last to receive the coating, and will 
have the least quantity of metal deposited upon it. If the copper 
wire was 30 feet long, little alteration would be seen in the deposit j 
but upon an iron or platinum wire of that length the deposit pro- 
ceeds only a certain distance, and no deposit will take place on the 
end furthest from the battery until the current has passed a con- 
siderable time, after which the deposit is observed to advance gradu- 
ally. The copper as it becomes deposited on the iron acts as a 
conductor, transmitting the deposit further onwards to its finft^ 
point, as well as adding to the deposition already effected upon the 
iron. — The length of deposit that would be formed on the first 
immersion of the wire depends upon the conducting power of th» 
solution ; for, as already stated, solutions vary in this property a* 
well as metals. We have found that a few feet of iron wire offer » 
greater resistance to the passage of the current than the solution 
between the iron wire and the positive electrode, which is only 
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r 3 inches ; bilt their exact relations to each other we 
et had an opportunity of investigating, 
these cirenmstances, it mAj be asked, why not increase 
ty of the battery, and so force it along the wire ? But 
:l be apparent, can only be done within certain limits ; 
reasing the intensity of the battery it may be rendered 
^ for the solution near the battery, and thus a sandy 
U be given at the one end and none at the other. The 
tallurgist, when coating long rods of iron wire with any 
to make connections with the battery every few feet« 
is generally coiled up in the form of a cork-screw, and 
by copper wires. We have found it very convenient to 
u a reel, having its armatures tipped with copper, and 
with the battery. This plan iusures a regular coating, 
Dsition of the wire requires to be changed duriug the 
otherwise the parts which press upon the arms of the reel 
without deposit. 

tion of Conduction -^ As an illustration of the property of 
, we mention the following circumstanced — Havilig a large 
or rod, about 12 feet long and 3 inches average diameter^ 
vith copper, we had it properly cleaned, placed in a hot 
cyanide of copper and potassium, and surrounded by 
opper as a positive electrode. Two batteries of 7 pairs 
i^ere attached, one at each end of the shaft; but, by 
ht, one of the batteries was not properly connected, the 
minal of the battery having been attached to the shafti 
laft been of copper, the one battery would have neutra- 
ther, so that there would not have been any deposit ; or, 
e battery been stronger than the other, there would have 
rent and deposit equal to the excess of power of the one 
:her. But, under the stated circumstances, a different 
obtained. After the batteries had been in action two 
found that a beautiful copper coating was imparted to 
if the shaft which extended from the point properly con- 
lile the other half was quite bare — no deposit having 
B upon it : but a deposit had been made upon the coppfer 
pposite this non-affected half. The batteries did not (as 
erceive) affect one another, except that the one impro- 
3cted prevented the deposit effected by the other pro- 
•ther than the half length of the shaft ; but it made the 
:ained more perfect than would have been the case had 
only one battery at one end. 

nigtance, the distance of the shaft from the electrode 
es, so that the resistance of 6 feet of the iron was more 
les of the Bolatlon ; hence the uAvx^uc^ ol Wi^ ^Qi^\'5k- 
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acting battery could not reach farther : or if any power pj 
further it was neutralized by the other battery,— which we 
inclined to think did not take place,— as the amoont or thickne 
dei)08it upon the one half was fully more than we would hare 
cipated upon the whole, liad the batteries been properly conne 

KoBoUlliereBee of Deposit — Objections have been made to c< 
ing iron with copper for its j)rotection, from an impression tha 
copper will not adhere to the iron ; but if the operation is can 
}>crformed the copper will adhere ; when it does not, it will gent 
be found that it is the copper deposited from the sulphate i 
loosens from the copi>er deposited from the cyanide — occtis 
no doubt, by the article not having been suflSdently washed 
the cyanide solution, and thus having a thin film of cyani 
co[)i)er precipitated upon the surface, which prevents the adl 
of the after deposit. Or, as it happens sometimes, that the cy 
of copper solution has not much free cyanide of potassium, 
consequently, on putting the article into water, the cyanide of c 
is decomposed by the water, and precipitated upon the surface 
a little cyaniile of potassium is dissolved in the first water usa 
washing out the depo^^iting solution, this will be prevented. 

We have rei>eatedly deposited copper upK)n iron wire, and 
wards had it drawn out to twice its original length withor 
copper stripping off; but, as the copper becomes hard and b 
it is liable to break if the wire is much bent, and if it be 
red hot, to aniH'al or soften it, the copper will oxidize, and 
coating is thin, the iron will be left bare in some places. W( 
seen iron bolts, covered with copper, driven through 17 inch 
and nails of all sizes subjected to rough work, without the d 
being iigured. Some iron work coated in 1842, and exposed 
atmosphere, remains in good condition still. These remark 
also applicable to iron (.H)vereil with zinc The coating of iroi 
copjwr has been tried in a great variety of ways for large operc 
but in general these trials have, commercially, ended nnsuccess 
the labour and cost is greater than the advantages sough 
warrtt!it for onlinary purposes. Many years ago trials were 
to con»r cast-iron with copper, and then gild or plate for 
mental use, but only with partial success. More recently, ho^ 
a patent has been taken out for the same purpose, and which, 
one of these applications that would be useful in beautifying 
improving the taste of the community, we give an abstract < 
specifieatiou as follows : — 

COATING CA8T-1ROK WITH OTHEB MKTAL8. 

« Mr. W. Newton (for a correspondent) has patented the c( 
otst-irun permanently with co^i^^ b^ d^^^ositin^ the copp 
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ivanic action, from a solation prepared by first taking a satar- 
)d Solution of sulphate of copper in water and precipitating with 
rbonate of potash, and then re-dissolving in cyanide of potassium, 
lether the copper be deposited directly on the surface of the cast- 
)n, or on zinc previously deposited thereon. The second part of this 
vention consists of coating cast-iron with the alloy of copper called 
nss, by first coating the cast-iron with copper, or zinc, or both, 
id then depositing the brass thereon, by galvanic action, from a 
Antion formed by mixing with the solution of copper employed in 
le first part of the invention, a solution of zinc prepared in sub- 
AQtially the same manner. The iron articles thus coated, may be 
ibsequently coated with gold or silver, so as to give them the 
ppearance of these latter metals. The articles of cast-iron to be 
Dated or plated are first to be cleansed by what is known as the 
pickling' process, with dilute sulphuric acid, and then ^scratch*- 
rushed,' as it is termed, to free the surface from scale, sanrl, and 
ther foreign substances which may not have been removed by the 
M ; and after this the castings are to be immersed in dilute nitro- 
ariatic add. Any other mode of thoroughly cleansing the surface 
ay be substituted for that above indicated. A solution of zinc is 
en prepared in the followiog manner : — Dissolve the sulphate of 
no in water until the water is saturated, and precipitate by means 
pmssiate of potash. The precipitate is then collected in a filter, 
id re-dissolved in cyanide of potassium. This constitutes solution 
imber one. A solation of copper is then prefiared in the same 
uiD^, bj dissolving sulphate of copper in water, and precipitating^ 
th carbonate oi potash : this precipitate is dissolved in cyanide of 
tassium, and is caDed the second or copper solution* The third, 
what may be termed the brass solution, is then preparerl by nuA* 
i; together the first or z*ac solation with the second or copper 
[atioQ, in siicli proportions as to prodn^re the shade of colour re* 
ired, — increasing the proportional rjuantity of the one or the 
[ier at the discretioD of the operator. The iron casting*! having 
en thoroughly cleansed, are first uamer*^l in the first or zln/^ 
iation, aQd the galvanic hsdterj appll^ In the nhnstl manner of 
(Ctrotyping, and cootinued antfl the reqnir^ thicknesa of zinc ]s 
posited on the sorface of and can.«ed to nnit^ with the ^.nrfsux of 
e cast-iron, wiiiefa is a carbonate of iron. Th^ fA*xl:icCh tho.* 
ated or planted with zinc, are then to be immft^ted In ttuf: ?^fjrA 
copper solatioD, a^ the galvanic battery applied, aA ir;*h the 
8t or zinc solation, and continued nntil the required thick&i»»i of 
tpper shall hare been deposited. In this way it wiH be fomui that 
le copper eoatiog has beerxne thoroughly attdfChed to t^ zioc and 
le zioc to the iroo, so that Ukj cannot be remr>7ed ex/^n cj 1^ 
g or cuttn^ aa la the ease of a iolid maaa <*/ (t^fi^yst \ v/*vkA. 
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11 rt iritis, of what over form dosirod, which can be made of cast-im' 
— that is. of <»arl)<)imte of iron — can be coated with copper, so astt 
answer neariy if nut all the puqioscs to which they coald be appM 
if wvm\\} of sniid roppor ; thns jrreatly economixing the cost Alltf 
the surface of rnst-iron has been coated with zinc, or with copper, 
or with zine and then with eop])er, which latter is much the best, it 
it be ihv-iired to eoat it with brass, it is to be immersed in the thiri 
or l)rass sohition, and the jralvanic battery applied, until the re- 
(piinMl thickness shall have been deposited. ' In doinv this it is im- 
portant that tlie i»nsitivo pole of the battery 8h<»nld be made of 
hrass, and as nearly as practicable of the shade of the brass to be 
(i«*|M)sited ; for if a copper pole be applied, it will deposit in excea 
the cv>piier ])ortion of the solution. If desired, the brass caa be 
deposited on the coatinjr of zinc instead of the coating of copper; 
hut it will be found deci<lcdiy better to deposit the brass on the 
coatinjiC of copper, whether the copper be deposited directly on the 
cast-iron or on a coating of zinc, although the latter is the best 
in this way articles are produced, having all the appearance, and 
answ crinir nearly if not all the same purposes as if made entirely of 
brass, and at much less cost. The cast-iron being thus coated with 
brass, the surface may be bronzed in the usual and well-known I 
manner of brouzinj: brass ; and as the process of bronzing on brass 
and copper is well-known, it will be unnecesary to giTO a detailed 
description of it. The surface of the cast-iron being thus coated 
with brass, or with cojiper, can then be coated effectually with sil- 
ver or gold in any of the well-known modes of coating brass or 
copi)er with those line metals; it will not, however, be necessary to 
give the details of such mode or modes, v^ they are well-known in 
the arts. The patentee remarks that it will be found better to de- 
posit the silver or gold on the brass coating than on the copper 
coating, on account of the colour, —particularly when, from reasons 
of economy, it is desired to make the coating of fine metal very thin. 
The patentee claims the process herein described, or any mere 
modification thereof, for coating cast-iron (carbonate of iron) with 
coi)pcr, by causing the coi)i)er, from a solution such as above de- 
siTibed, to deposit, by galvanic action, directly on the surface of 
the cast-iron, or on the zinc previously deposited thereon, as set 
forth. And also the process herein described, or any mere modifi- 
cation thereof, for coating cast-iron with the alloy of copper, known 
as brass, by causing the brass, from a solution such as above de- 
scribed, to deposit, by galvanic action, on to the surface of the east- 
iron, previously coated with zinc, or copper, or both, as specified." 

COATIXG OF IRON WITH ZINC. 

In covering iron with zinc, the precautions necessary for copper 
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aw not required : zinc being the positive metal, acids have a 
stronger affinity for it than for iron, and therefore an acid solution 
may be used. The one generally used is the sulphate. 

Iniphate of Zlne — Zinc dissolves easily in sulphuric acid, and the 
station by evaporation yields crystals of sulphate of zinc ; but as 
the salt is very cheap and abundant in the market, it is more con- 
temeut and economical to buy than to make it. The solution for 
depositing is made by dissolving 2 lbs of the crystallized salt in one 
gallon of water. Th^ single cell process cannot be used advan- 
tageously with this solution. A separate battery is necessary, and 
a zinc positive electrode. The metal is very easily deposited — one 
or two pairs of WoUaston's battery being sufficient for coating small 
artielee. 

Zinc may be deposited upon black -leaded surfaces in the same 
manner as copper ; but, unless more than ordinary precautions are 
observed, an article formed in this manner is so brittle that it can 
hardly be handled without breaking, from its crystalline character. 
When the deposition upon black-lead is attempted, the best method 
is to have the solution saturated with the salt, employing a battery 
of 6 or 7 pairs of plates, and keeping the article on which the 
deposit is taking place constantly in motion. 

The use of cyanide of zinc has been recommended, but for what 
good reason it is hard to know. It is unnecessary, and its use pre- 
sents great practical difficulties. The positive electrode becomes 
<?oated, after a few minutes' working, with a white pasty matter 
which prevents further action and stops the current. Some of 
this white coating collected, washed, and dried in the air, gave by 
analysis, 

Oxide of zinc 51*3 

Cyanogen 1-7 

Iron . ♦ , trace 

Potash 2-3 

Carbonic acid 27*8 

Matter insoluble in HCl. ... 2-5 
Water 14-8 
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The zinc is converted into carbonate of zinc: the potash is combined 
with the cyanogen as cyanide of potassium. 

Vnt of Zinc Coatlngr. — The principal application of zinc is upon 
iron, to protect it from corrosion, which it does, not only as a coat- 
ing, but, from its more electro-positive character, it protects it by a 
galvanic influence. The voltaic influence of zinc for protecting iron 
is a subject that has occupied the attention of practical men for a 
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long time ; it is one of high imporlance : neyertheless there seems 
yet a great deficieiicj in oar knowledge of the extent of this inflo- 
euce, and how and wlien it is effective. 

Upon this subject, Professor Faraday, in the Report of theHir- 
bours of Refuge Commissioners, states, " Zinced iron woald no doobt 
resist the action of sea- water so long as the surface was coTerad 
with zinc, or even when partially denuded of that metal : bat one 
dissolves rapidly in sea- water, and after it is gone, the iron would 
follow." 

" As to voltaic protection, it has often struck me that the cast- 
iron piles proposed for lighthouses, or beacons, might be protected 
by zinc in the same manner as Davy proposed to protect copper by 
iron ; but there is no doubt the corrosion of the zinc woold be 
rapid. If not found too expensive, the ol^ect would be to ap[dy 
the zinc protectors in a place where they could be examined oftieo, 
and replaced when rendered ineffective. In this manner I have 
little doubt that iron would be protected in sea- water.** 

INFLUENCE OF GALVANISM IN PBOTECTINO METALS FROM I^SISUCnOM 

BY OXIDATION AND SOLUTION. 

The galvanic influence of one metal in protecting another is In 
relation to their negative and positive qualities together with thdr 
conducting powers (p. 29). Their relations in sea-water are- 
silver, copper, bismuth, antimony, iron, tin, lead, cadmium, zinc; 
the first the most negative, the last the most positive in the series. 
So that, according to this scale, the further apart the metals maybe 
which are selected for experiment, the more decided will be the 
power of the positive to protect the negative. Copper and zinc 
operate more strongly together than iron and zinc. 

A metal that is insoluble when placed singly in a fluid, may be 
made soluble by connection with a relatively negative metal placed 
in the same fluid. For example, pure zinc put into muriatic acid is 
unaffected, but when connected with copper in the same fluid It is 
rapidly operated upon. Or a metal may be soluble iu a fluid alone, 
but may be rendered insoluble by connection with a relatively 
positive metal which undergoes decomposition instead. Thas: 
copper is dissolved in sea- water when alone, but when a piece of 
zinc is connected with it, the copper is unaffected. This last effect 
is the substance of Davy's method of protection alluded to by Pr 
Faraday, in applying the principle of which it is necessary to take 
into consideration — 

1st, The amount and power of electricity generated by the 
connected metals in the same fluid ; and 

2d, The conducting power of the metal which is being pro- 
tected. 



i>. 
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1st. The amount and power of the electricity evolved is in pro- 
portion to the difference of the relative negative and positive condi- 
tions of the metals employed. The more negative the coated metal 
is, the less it requires protection, although its powers of protection 
are the greatest. And the more positive the coated metal, the more 
liable it is to be destroyed, and the greater the amount of electri- 
city required to protect it ; but unfortunately it is less able to 
generate this electricity when in contact with another metal. Thus 
tiiese two conditions are opposed to the application of galvanic 
inflmence for protecting iron. 

Suppose, for example, that 4 square inches of zinc, in connection 
with 4 square feet of copper, give out suflBcient electricity to protect 
the copper from sea-water, it will be found that to obtain the same 
VDonnt of electricity by iron and zinc, 2 square feet of the latter to 
4 square feet of the former are required.^ Besides which, the same 
qoantity of electricity that protects copper will not protect iron^ 
nor will any quantity of zinc protect iron from corrosion in sea- water 
--«ven a bar of iron placed in a zinc vessel filled with sea- water is 
not completely protected, 

2dly. The conducting power of the negative or protected metal 
snbjeoted to submarine immersion is a subject of very great import- 
ance. Suppose a piece of copper and a piece of zinc be connected 
under a solution — say a copper bar (c) 4 feet long, with piece of 
rinc (z) 4 inches in 
fcngth^ erected on ^o--~> 
one end, as in the |J>. ^^-^ ^^5 

annexed sketch ; — ^ |,.''^V^\«~~~~--,^? *^— -^- 
The conducting I '^vg-\:-\,.& '"~"~~~>^^. 
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power of the copper 
is so much superior 41. 

to that of the solution 

that the whole length of the bar will become instantly negative, 
and the current of electricity will pass to and from all parts of the 
bar at the same time in the lines J, J, h ; but the current will be 
more active towards the point of contact than towards the distant 
extremity — the resistance of the solution being less in proportion 
to the proximity of the metals. But if a bar of iron, and a piece 
of zinc as a protector, be placed in the same circumstances, the 
phenomena assume qaite a different aspect : the conducting power 
ofiron being much less than that of copper, the distant extremity 
will not be aflfected by the electric current, which will find a more 
6*8y passage, as indicted by the dotted lines e, e, 6, beyond which 

'These proportions, ^iven in round numbers, are nearly accurate; but they 
▼ary according to the kind of iron, the state of the water, the distance of the 
n»«tal8, &c., &c. 
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the electric effort ceases ; and even in lliat portion of tlie bar wbici 
is under the influence of the current, the part nearest the zinc k 
better defended than those parts which are farther distant. Tlk 
partial protection, while it induces a negative state at the near end; 
renders the other end more positive. Such a diversity of condirioo 
jrives rise to voltaic action between the two extremities of the bar, 
and the result is the destruction of the far end. In all cases of vol- 
taic protection the more equal the influence over the whole surface 
protected, the more perfect is the protection. An ineqaialitjr of pro- 
tection, such as we have described, is productive of numerous evfli 
It is, we believe, the source of many of the ii^jaries ocenning in oar 
day to copper sheathing. One part of a sheet becoming, by some 
local cause, negative, the other parts are thus rendered positive; the 
result is, that upon the borders of an individual sheet either over- 
lappinjr or underlying its neighbouring sheet, an electric civrent is 
excited, passing through the stratum of moisture which may inter- 
vene, and the ultimate effect is that the positive edge is dissolved ai 
effectually as if cut by a knife. The evil arising in one place inay 
be so contagious as to affect a whole neighbourhood — sometimes 
the whole side of a ship's bottom. 

In fresh water iron cannot be protected any length of time, for the 
zinc coating s])eedily passes into a blackish substance, which peels off 
and exposes the iron to rust. When iron is simply exposed to the 
air, a good coating of zinc is a sure protection. We have seen iron 
of various qualities coated by the electro-process and exposed to the 
atmosphere, in all weathers, for several years, without being more 
affected than a piece of zinc would be. In spots where abrasion has 
taken place by accident, the protecting power of the zinc is lost, and 
the iron rusts as if there were no zinc present. No other result, 
liowever, could be anticipated, as there can be no electric excitation 
without a liquid to connect the two metals. 

The iron to be coated by zinc is to be cleaned and prepared m 
the same manner as we have described for the purpose of covering 
it with copper (page 99). 



ELECTRO-PLATING. 

The next applications of the electro-deposition we have to notice 
ore. those relating to silver and gold, embracing the arts of electro- 
plating and gilding — arts which are gradually revolutionizing some 
extensive branches of manufacture, having the same object but 
acting by a different means. 

To Make SUver Solution. — The solution of silver used for plating 
consists of cyanide of silver dissolved in cyanide of potassium 
which may be prepared in various ways, * We shall first describe 
some of the. preparations most in use, and also point out practical 
objections which, in special cases, have occurred under our own 
observation, not omitting to specify and recommend those methods 
which have approved themselves to us as being most simple and 
effective. 

The method generally adopted is as follows : — Metallic silver is 
dissolved in four parts of nitric acid, diluted with one part of water : 
the diluted acid is heated in a vessel, and the silver is added by 
degrees. The operator must avoid breathing the fumes which ascend, 
as they are highly deleterious. The metal being dissolved, the solu- 
tion is transferred to a large vessel, and diluted with water. To 
this is added a solution of cyanide of potassium so long as a white 
precipitate is formed. This precipitate is cyanide of silver, and 
the action which ensues may be thus represented : — 

Substances used: Substances produced: 



Nitrate of silver = AgO, NO* 
Cyanide of potassium = KCy 



Nitrate of potash = KO, NO* 
Cyanide of silver === AgCy 



AgO, NO* + KCy == KO, NO* + AgCy 

The propriety of diluting the nitrate of silver before precipitating 
by the cyanide of potassium arises from the fact, that the salts of 
potash and soda (such as the nitrates, chlorides, and sulphates), 
when in strong solution, dissolve small quantities of the silver salt, 
and thus cause a loss, which is prevented by previous dilution with 
Water. 



When the precipitate of cyanide of silrer haa settled, the clear 
solution is carefully decanted, and the vessel filled np with water, 
which is a^ain decanted as soon as the precipitate has settled. This 
process is to be repeated three or four times, so as effectually to 
wash out the soluble salts. When properly washed, a solntion of 
cyanide of potassium is added to the precipitate, until it is all dis- 
solved. The rcsalting solotion constitates the cyanide of potassiam 
and silver, and forms the plating solntion. It onght to be filtered 
previons to nsing, as there is always formed a black sediment, com- 
posed of iron, silver, and cyanogen, which, if left in the Eolation, 
would fall npon the surface of the article receiviag the deposit, and 
make it rongh. The sediment, however, mast not be thrown away, 
as it contains silver. The cyanide of potassium, used to dissolve 
the cyanide of silver, may be so diluted that the plating EOIntiOD, 
when formed, shall contain one ounce of silver ui the gallon : of 
coarse, the proportion of silver may be larger or smaller, bat that 
given is what we consider best for plating. 

In dissolving 100 onnces of silver, the following proportions of 
each ingredient are those which we have found in practice to be the 
best. Take 7 pounds of the best nitric add' and 61 ounces of cyamde 
of potassiam, of the average quality described at page 96: this 
quantity will precipitate the 100 onnces of silver dissolved in the 
acid Eolntiou. After this is washed, take 62 onnces more of cyanide 
of potassium, the solution of which will dissolve the precipitate : this 
being done, the plating solution is then foriued. Of course, these 
proportions will vary according to the diflerence in the (juaHty of 
the materials ; bat they will serve to give an idea of the cost of the 
silver solntion prepared in this manner. 

Cyimlde of Silver dlsiotTcd In Tellow Prasslate oT Potaah. — Wo 
have occaBionally dissolved the cyanide of silver by yellow prassiate 
of potash, three pounds of which are required to dissolve one ounce 
of silver. This forms an excellent plating solution, and yields a" 
beautiful surface of silver. It must have a weak battery power, and 
coDseqnently the silver is very soft. The positive electrode does not 
dissolve in this solntion : there is formed upon its snrface a white 
scaly crust, which drops off and falls to the bottom; aad the solu- 
tion soon becomes exhausted of silver. 

Boiution made with Oxide of BHver. — It has been recommended to 
dissolve the oside of silver in cyanide of potassium, which forms a 
solution of cyanide of potassium and silver ; but this preparation 
is less economical, because the materials used iu converting the 
silver into an oside are lost : it requires the same amonnt of 



aatilky white preclpi tale, it contains muriailc acid, and sliould be ci^ecced, 
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lyanidc of potassiara os the process just descrilied, and brings, 
moreover, ao equiFaleot of potash iuto the solution, which is a 
disadvantage. Tha foUowiiJg diagram shows the reactions that 
occur: — 

S'ibstances used: Siibstnnces produced : 

Oslde of silver ^ AgO I Potash = KO 

Cyanide ofpolassinm = KCy Cyanide of stiver) ^gf„ « P_ 
Cyanide of potassium = KCy | and potassium J !< S J 

AgO + 2 KCy == KO -f ^C, AgCy. 

Solution mnde irith Chloride of Silver. — The nitrate of silver may 
«,1ao be precipitated by adding a solution of commoa salt to it, and 
treating it in the same way as dcscriljed for precipitatiou by 
cyanide of potassium : this wonld form chloride of silver, which 
may be dissolved in cyanide of potassium, thus forming the silver 
solution. But the objection urged against tlie use of oxide of 
silver is equally applicable in the case of chloride; and much 
greater care is required in precipitating large quantities and strong 
solutions of silver by common suit, than by cyanide of potassium, 
the chloride of silver being more soluble in the salts of the alkalies 
— as the nitrates, chlorides, and sulphates — than cyanide of silver 
is ; and there is therefore great liability to loss by this process, in 
which we have not the redeeming quality of a saving of materials, 
as the following diagram will show : — 

Siibslancet tieed: Svhstancea proditced : 

Chloride of silver = AgCl I Chloride of potassium ^ KCl 

Cyanide of potassium ^ KCy Cyanide of silver) y-p . p 

Cvanide of potassium ^ KCy [ and potassium j J S y 

AgCI + 2 KCy = KCl + KCy, AgCy. 
Thus, we observe, that the action taking place is'not mere solution, 
bat decomposition ; which upon one hundred ounces of silver in this 
preparation produces an impurity of seventy ounces of chloride of 
jotassium, wiiich, although not very injurious to the solution, would 
Qfe QLUch lietter away. 

^^fke Ben Method of naklns Sliver Solution — The best and 
||Wftpest method of making up the silver solution is by the battery, 
*Mifch saves all expense of acids and the labour of precipitation. 
This is effected by taking advantage of the principle of non-transfer 
of metal in electrolytes (see page 78). To prepare a silver solution 
which is intended to have an onnce of silver to the gallon (see p. 110). 
gjlwerve the following directions :— Dissolve 123 ounces of cyanide of 
■■^aBriumia 100 gallons of water; get one or two flat porous 'itKSft'fi,, 
^Kfl place them in this soJutiou to within haVt an mtV ol iJoa -msiMHi, I 
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i\\u\ fill tlHMii to the i^nnio 1ii'i<rht with the solution ; in these poiwi 
vcssols ]>lii(M> Kiimll ]>lates or 8)ieets of iron or copper, and conneel 
thiMii with \\w YAUc tcrmhml of a battery: in the large eolation pliCB 
\i sheet iir sh»M'ts of silver connected with the copper terminal of tta 
ImttiTy. Tliis nrrniiircnuMit heirij? made at night, and the power cm- 
j>li)y(Mi hi'inir two of Wollast'j-.iV batteries, of five pairs of plates, the 
ziiK's 7 inches s»|iiarc, it will be fonndin the morning that there wiD 
l)c (lissolveti from (iO to HO ounces of silver from the sheets. Tbe 
Rohitinii is now ready for use: nnd by observinsc that the articles to 
1)0 i»lated have less surface than the silver plate fonning the positive . 
eleetrode, for tlie first two days, the solution will then have the pro- 
per f plant ity of silver in it. We have occasionally found a little 
silver in the j>ornnR cell; it is therefore not advisable to throw away 
the si>lntion in them witlnmt first testing it for silver, which is d(Hie 
by addiii«r a little muriatic acid to it. 

The amateur clcctrotyinst may, from this description, make np 
a small quantity of solution for silvering his medals or figures; for 
cxam|)lo, a half-ounce of silver to the gallon of solution will do 
very well ; a small (quantity may be prepared in little more than an 
hour. 

As the cyanide of potassium dissolves silver without the ud of a ' 
battery, by merely allowinjr a piece of silver to steep in this solution 
for a few days, a platinjr Ii(iuor may be formed; but this is tedious 
and uncertain, althoujrh for small operations, nnd where porous 
vessels are not convenient, it will serve the purpose. 

Other sohitions of silver may be employed, if the law stated at 
liniic Dr* is strictly observed. Indeed, every salt of silver has not 
only been tried, but is either the subject of a patent, or promi- 
nently included in it. None of them, however, with the exception 
of two, have we found of any practical value, besides that already 
described : these are the chloride of silver dissolved in hyposulphite 
of soda, and the sulphite of silver dissolved in sulphite of potash, or 
sulphite of soda. 

Hyposuipiiite of stiyer Solution. — The simplest method known to 
us for forming the hyposulphite of silver solution is this : — Ti^eone 
pound of pure carbonate of soda, well dried, as described at p. 96; 
mix it intimately with five ounces of flower of sulphur; place the 
mixture over a slow fire without flame, in a porcelain or stoneware 
basin, which must be supported by an iron trelis, or any con- 
venient support, to prevent it touching the red coal or flame ; keep 
the mixture constantly stirring, and maintain the heat till the 
sulphur melts, and the mass inclmes to get pasty and rough : while 
in this state, keep stirring for about fifteeen minutes, in order to 
bring every part in contact with the air. Set the mixture to cool, 
after which dissolve it in water : boil tbe Eolation for some time, 



SULPHITE OP EOLTEH PLATIMS BOLCnON. ] 1 3 

tfiulphiir ; then filter it, and allow it to evaporate at a slow 

^le cryatala formed are hyposulphite of soda, 
Vepare the Bilver solution, the silver is first disaolved in nitric 
d then precipitated by a solution of common salt, and washed, 
« precauttuiis stated at page 109, When the precipitated 
nofBiiver is well washed, some of the crystals of hyposulphite 
k are dissolved, and the solution is added to the chloride of 
which it dissolves, fonning the plating solution. It is not ne- 

frtocrystallize the hyposulphite of soda, if used as soon as made. 

^yposnlphite of silver solution is very easily decomposed by 
btric current, so that a weak battery will suffice to plate by 

■ ite great objection is its liability to decompose in the light, 
lidepoBit the silver as sulphnret : unless great care is exercised, 

Uver deposited from it will be in agraaular condilion, which is 

lat objection in plating, 

ipblte of iliver Plating Solntlon. — The sulphite of silver soln- 

I prepared in the following manner, as described by the pa- 
rf the process : — 
B solution which I use is made in the following manner : I 
the best pearl-ash of eoiumerce 28 lbs (avoirdupois) and add 
Q lbs (avoirdupois) of water, and boil them in an iron vessel 
e pearl-aah is dissolved; the solution shoulif then be poured 
earthenware or other suitable vessel, and suffered to stand 
ic liqnor becomes cold. It should then be filiered, and 14 
drdapois) of distilled water added thereto ; sulphurous acid 
tained by any of the known processes) should then be passed 
1 filtered liquor until it is 
sd, taking care not to add 
latous acid gas in exce'^'J. 
liquor should be again filtered, 
the liquor so filtered is what 
m the solvent, or sulphite of 

To make the Silvering Liquor 
1 I use in coating i^ith silver 
rarface of articles formed of 
I or metallic alloys, I dissolve 
i. (avou'dnpois) of crystallized 
' J of silver in 3 lbs. of dis- 
tater (in a clean earthenware 

nd add to the solution, 

J at a time, the before- 
solvent, so long aa a 

■ coloured precipitate is pro- 
. (cftre being taken not to 
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u(l(l more of the solvent than is necessary). Afer the preci- 
pitate has subsided, I pour off the superaatitut liquor, and wash the 
precipitate with distilled water. To the precipitate I add as much 
of the before-mentiuned solreuC as will dissolre it, and afterwards 
add about ith part more of tl« solvent, bo that the solvent maj be 
iu escess ; I then stir them well tt^elher and let them remain abocl 
24 hoars, and then filter the solntion, when it will be ready for nse, 
This is what I designate Silvering Liquor.'" 

Salphnroua acid gas for making the above liquor may be prepared 
by heating snlphnric acid, nndilnted, in a flask or any cooveKest 
vessel, to which should be added small pieces of copper or charcoal ; 
the gaa escaping is made to pass into tlie solution to be aaturated 
with it. 

Fig. 42 is a very convenient apparatus for the preparatimi ofthi" 
gas for saturating solutions. 

This Bolotion is also very easily decomposed by the electric cnr- 
rent, and serves the purposes of plating very well j but it is alw 
liable to decomposition by light, and is not so good in practice » 
the solution of cyanide of potassinm and silver. The latter solntica 
is, however, liable to a kind of decompofiition not yet fnlly invBEti- 
gated, bat it is wholly confined to its imjjuritiea, and it never depo- 
sits its silver ; #hereas the decomposition that takes place io the 
Balphite or hyposnlphite affects the silver compouud, and preeipitttes 
the silver from solution. 

To Reraver surer fnim Baintlon. — When a silver solution gets 
out of order, and cannot be rendered fit for use again, the silver 
may be recovered by adding to the solution any acid that will neu- 
tralize the alkali ; if nitric or sulphuric acid be used, the silver pre- 
cipitates as cyanide, but if hydrochloric acid be used, the silver wiH 
lie precipitated as a chloride : in either case the solution should t* 
diluted, or a portion of the precipitate will be re-disaolved. The 
precipitate is allowed to deposit, the clear liquor decanted, M^ 
the Tsatiel filled with water to wash the precipitate, which is after- 
wards collected upon a filter and dried, and then mixed will' 
twice its weight of carbonate of potash, and fused in a Hesaan cru- 
cible for 16 minutes, or until the fused fluid ceases to effervesce. 
On removing the crucible, and pouring the whole into an iron ladlft 
when cool the silver will be found in the raetalEc state at the botloOi 
of the ladle. 

In these operations when pouring the acid into the cyanide solu- 
tion, great care mast be taken not to inhale the fumes given off' 
which are very abundant, sickening, and poisonous. The operati9^ 
sliould be done in the open air, and even then it i " ' ^ --.-« 



' Jicpcnory of Palent Invciitioas, Uh scries, p. 210, 1843. 
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^■Ftbrowing donn the silver by aa acid it is better to evaporate the 
^^BOtion to dryness, and to foae the product as described ; in wbich 
^^ke the cyanide is an excellent reducing flus, reqairiug no addition 
^Boarbonate of potash, and saves the necessity of evolving poison- 

^B When the solution has contained yellow prttesiato of potash, it Is 
^Btind that during this fusion portions of tlie metal sometimeG 
^nra a scoriaccoas nodule at the bottom of the crucible, and 
^Hr the heat that can be applied by an ordinary assay furnace will 
^Bt fuse it. This refractory piece, when cooled, has geuerafly a 
^Bagh scoriaceoos surface, and is exceedingly hard. AVheu liled it J 
^Bs more the colour of German silver than of real silver : it h&s J 
^KoiBiderable malleability, and retains its bright appearance for ». J 
^Bb^ time without tarnish. An analysis of this alloy gave— 

H Silver . 83*15 

H Copper D'12 

^M Irou ....... 7'jO 

^M Carbonaceous matter ■ . ■4(3 

H 09-23 

^B If we snppose the carbonaceous matter to be an accidental im- 
^Brity, this alloy vrill iieai'ly agree with the formula Ag^ Cu Fe. 
^Bn«pani«on of Article* for PIbUiib. — Articles that are to be plated 
^Be first boiled ia an alakline ley, to free them from grease, then 
^BBsbed fVom the ley, and dipped into dilute nitric acid, which 
^BmOTeH any oxide tluit may be formed upon the sarface; they are 
Hftecwards brushed over with a hard brush and sand, of which a 
^^»id obtained from the Isle of Wight, and knowu as silver-sand is 
^^Ht. The alakline ley should be in a caustic state, which is easily 
^Bscted by boiliJig the carbonated alkaU with slaked lime, until, on 
^B^ addition of a little acid to a small drop of the solution, no effer- 
^■BGence occnrs. The lime is then allowed to settle, and the clear 
^Bjiior ie fit for ase. The ley should have about half-a-pound of 
^^Ma-tish, or pearl-ash, to the gallon of water. The nitric acid, into 
Bnuch the article is dipped, may be diluted to snch an extent that 
Bt will merely act upon the metal. Any old acid will do for this 
purpose. In large factories the acid used for dipping before 
^Bating is generally afterwards employed for the above purpose of 
^Baning. 

^B The article being thoroughly cleaned and dried, has a copper wire 
^attached to it, either by twisting it round the article or putting it 
through any open part of it, to mointain it in suspension. It is then 1 
dipped into nitric acid as quickly aa poBsiUe, awi '«e&\ift^ 'Outi^'V^^ 
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water, and then imniei*8ed in the silver solation, suspending it by 
tiie wire which crosses the mouth of the vessel from the zinc of tlw 
battery. The nitric acid generally used and fonnd best for dipping 
has a specific gravity 1'51H, contains 10 per cent, sulpharic mi, 
and is got at about 3d. per lb The article is instantaneously coated 
with silver, and ought to be taken out after a few seconds and well 
brushed. On a lurgc scale, brushes of brass wire attached to a lath 
are used for this purpose ; but a hard hair brush with a little fine 
sand will do for sniull work. This brushing is used in case any 
particle of foreign matter may be still on the surfa(.*e. It is tha 
replaced hi the solution, and in the course of a few hours a coating 
of the thickness of tissue-paper is deposited on it, having the beaoti- 
fal matted appearance of dead silver. If it is desired to preserve 
the surface in this condition, the article must be taken out, care 
being taken not to touch it by the hand, and immersed in boiling dis- 
tilled water for a few minutes. On being withdrawn, sufficient heat 
has been imparted to the metal to dry it instantly. If it is a med4 
it ought to bo put in nn air-tight frame immediately, or if a figure, it 
may be at onee placed under a glass shade, as a very few days* ex- 
))osure to the air tarnishes it, 1)y the formation of sulphuret of 
silver, and that more especially in a room where there is fire or gas. 
If the article is not wanted to have a dead surface, it is brushed 
with a wire brush and old ale, beer, or water containing in solation 
a little gum, glue, or sugar, but the amateur may use a hard 
hair brush. It may be afterwards burnished according to the 
usual method of buriiishuig, by rubbing the surface with con- 
siderable pressure with polished steel or the mineral termed blood- 
stone. 

We may remark, that in depositing silver fronx the solution, a 
weak battery may be used ; though when the battery is weak the 
silver deposited is soft, but if used as strong as the solution will 
allow, say 8 or 9 pairs, the silver will be equal m hardness to rolled 
or hammered silver. If the battery is stronger than the solution 
will stand, or the article very small compared to the size of the plate 
of silver forming the positive electrode, the silver will be deposited 
as a powder. The average cost of depositing silver in this way is 
2d per ounce. Gas should never be seen escaping from either pole: 
and the surface of the article should always correspond as nearly as 
possible with that of the positive electrode, otherwise the deposit 
runs the risk of not being good ; it requires more care, and the 
solution is apt to be altered in strength, because if the positive 
electrode be large compared with the negative, the solution will 
become stronger in silver, while if smaller in proportion the solu- 
tion will become exhausted of silver. 

In plating large articles (such as those plated in factories), it is 
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^^hlways sufficient to dip tbem in nitric ticid ; wa^Ii and immerse ^M 
Hlpem iu tlie solution, in order to effeet a, perfect adliesion of tbe two ^H 
mttalB. To secure this, a small portioD of qnicksilver is dissolved ^H 
in nitric acid, and a little of this solution is added to water, iu snffi- ^H 
cient quantily to enable it to give a white silvery tint to a piece of ^| 
copper when dipped into it : tlie article then, whether made of 
copper, brass, or German silver, is, after being dipped in the nitric 
acid and washed, dipped into the nitrnte of mercury solution till 
the surface is white : it is then well washed by plunging it into two 
separate vessels containing clean water, and finally put into the 
plating solution. This secures perfect adhesion of the metals. One 
ounce of quickEilver thus dissolved will do for a long time, though 
the iiqnor is used every day. When the mercury in this solution is , 
exhausted, it is liable to tarn the article black upon being dipped 
into it : this must he avoided, as in that case it also causes the 
deposited metal to strip off. 

Pr«ctlcBi innrnctlonslD Fiattny. — We need hardly add that it is 
necessary the battery should be so arranged, that the giumtifi/ of 
electricity generated should correspond with the surface of the 
articles to be coated, and that the intensity should bear reference to 
the state of the solutions ; that is to say, that the quantiti/ shonld be 
sufficient to give the re(iuii'ed coating of metal in a given time, and 
the intensity sueli as to cause the electricity to pass through the 
solution to the articles. It is also essential for regular working, as 
stated above, that the plates of raetnl forming the positive pole in 
ihe solution should be of corresponding surface to the articles to be 
coated, and face them on both sides. 

The following is the arrangement adopted in some of the large 
plating mannfactories : — The vat, or plating vessel measures about 
6^ feet in lengtli, by 33 inches in <breadth, and 33 inches in depth, 
and generally contains from 200 to 250 gallons of solution -, the 
silver plates serving as electrodes, which were formerly nailed upon 
Irames of wood, are now generally fixed upon light iron frames, 
these not being affected by the solution : two battery troughs are 
arranged as seen in lig. 43, consisting of 6 batteries of three pairs 
inteusity. The zinc plates immersed in the acid measure 6 inches 
by 7 inches, the exposed surfaces of which measure 84 square 
inches: these multiplied by G give .^04 square inches, from which 
electricity is disengaged. The surface of the silver electrodes 
exposed to the articles receiving the deposit vary from 3000 to 
4000 square inches of surface. 
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A, Vitt or Tesficl containing the eolation ; b, Battery 
pole z, connected with rods rr; and copi»er pole c, connected with 
[he metallic sheets p p, in the Bolution, by means of the copper slip 
F ; D D, are articles Bnspended in the Eolation by wires from the 
rods rr; s, the solntion. So Boon as the articles, whicfi are con- 
nected with the negative pole of the battery, and the metallic sheets 
connected with the positive pole, are both immersed in the solntion, 
the galvanic circuit is completed. 

In most plating establishments the batteries are now placed out- 
side the honse, and the connecting rods are broaght from them into 
the rats, so as to preserve the workmen from the injury arising from 
inhaling the hydrogen gas which is given off by the zincs, as it often 
contains arsenic, and hence is highly injurious to health ; the gas of 
the battery has a strong effect upon the nostril, exciting dryness 
with pain. Wherever the batteries are placed, they shoold not be 
exposed to cold, as their operation is mnch affected by the 
teinperalare. 
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bi the early days of electro-plating the batteries nsed were roaud. 
Ky consisted of a copper cylindrical vessel, about 20 inches deep, 
B 5 inches diameter, filled with dilute sulphuric acid. A piece of 
Ipd was placed at the bottom of this vessel, and a cylinder of zinc, 
I Game depth as the copper vessel, and abimt 3 inches diameter, 
■ placed inside the copper vessel. A wooden ring, floating on the 
3 of the acid, prevented the zinc and copper touching — a 
Jfing screw was attached to each, and formed a battery of a single 
p. Sis batteries of this size were connected with such a vat as is 
libed above. The test of strength employed to determine 
kher the working power was sufficient, was that, when connected 
B an electro-magnet, it shonld support a 7 lb. weight. "We be- 
e that many platers and gilders still use such batteries, and that, 
"n the solutions and apparatus are all in good condition, they do 
. They are, however, far from being so economical as the bat- 
J with aqnare plates shown above. Some electro -metallurgists 
llarge wid deep stoneware vessels, in which are placed the zinc 
\ copper — the plates having several square feet of surface. We 
I already shown, when treating of batteries, that very large 
«s are not consistent with economy. 
Wo ascertain the amount of metal deposited, it is only necessary 
ireigh the articles carefully before and after plating. But 
reen the first weighing and the immersion of the articles in 
6 plating solation there is the dipping into nitric acid to bo ac- 
' coanted for : this, on an average, will cause a loss of about one 
pennyweight upon an article of the size of a foot square ; thus, if a 
waiter of a foot square, made of copper or German silver, shows, 
when coated, a difference in weight of 19 pennyweights, the silver 
laid on must be (stimated at an ounce', or 20 pemiyweights. When 
the article is a "rcplate," i. «., an old plated arti<;le that has become 
bare of silver in parts, the allowance or reduction for the dipping in 
(he acid is only to include the portions left bare, for the silvered 
parts are not acted npon by it. One of ttie practical difficulties 
which the inexperienced will occasionally meet with when a " re- 
plate" is dipped in the nitric acid, is, that a galvanic action is pro- 
duced between the silver and the copper portions, which causes a 
black line round the edge of the silver : this ought immediately to 
be Tabbed off, bnt even with rapid and careful rubbing there is 
great danger that the coating will loosen and blister at those parts ; 
and beside this, it happens that the parts of the "roplate" which 
are sound, the silver not being acted upon by the acid, but rather 
protected by the galvanic action, are not in a. fit state to receive and 
maintain a perfect adhesion of the deposit, and therefore the risk is 
great that the new coating will separate from the old, or, in ' 
language, that the part will strip. TJnder Ihese (;wtwa4\a»a«*. 
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(•xi>ericurc lins tnn^'ht that the best way to proceed is to tib 
all tlie olil silver off the article, and deposit an entirelj ner! 
coatiii^r. 

Thfre are two methods of taking off the silver: — 

TaklBir ailTer fram Copper, Ice — First, stripping or dissolTingit 
off: tliis iH (lone by pattinj; into a stoneware or copper pan some 
Ktruii)^ sulphtiric aeiii (vitriol), to which a little nitrate of potash is 
ail<1<Ml: tlie article is laid into this solution, which will dissolve the 
FJlviT without materially afiecting the copper ; saltpetre is added 
by dcirrt'cs, as occasion retjuires ; and if the action is slow a little 
licat is applied to the vessel. The silver being removed, the article 
U washed well, and then passed throntrh the potash solution, and 
i::ilK}ic'd for plating. AVhen the sulphuric acid becomes saturated 
v'ith silvor it is diluted, and the silver is precipitated by a solution 
if coniinon salt : the chloride of silver fonned is collected and fased 
ill a crucible with carbonate of potash, when the silver is obtamed 
ill a iiiotallic state, as a knob or button. The crucible should not 
be over two-thirds full, and should be kept infusion till effervescence 
cciisi's. The crucible is then removed from the fire, and, when cod, 
it is broken. 

The article thus stripped by acids often shows a little roughness, 
not from tlui elfects of the acid, but because the copper under the 
silver had not been polished ; it is therefore a necessary practice in 
the elect ro-i)lating factories to polish the articles before platiug. 
This is done by means of a circular brush, more or less hard as re- 
(juinMl, fixed upon a lath, and a thin paste riade of oil and pumice- 
stone gnmnd as fine as flour. By this process the surface of any 
article can be smootluMied and polished; but a little experience is 
re(piire(l to ensure success, and enable the operator to polish the 
surface equally without leaving brush marks. We need scarcely 
say, that after this process the article must be cleaned in potash 
before it is plated. 

Secintd Miihofl — Instead of stripping off the silver by means of 
acid, it is a more common and preferable mode to brush off the 
silver by the operation just described. In this case the bmshiogs 
must bo collectcil, dried, and burned; this may be done in an iron 
]>an, keeping it at a red heat until all carbonaceous matters are 
consumed, the rcmaimler is fused with carbonate of soda or 
potash, when the silver is obtained, in combination with a little 
cupper. 

Cyanide mt auyer and Potmssliua, Its DceompMttloii darlnv tke 
PlatlBs FniceM. — The silver salt in the plating solution is a true 
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current, tlie former, cyanide of siker, is alone affected : the 
depoEited, and the cyanogeD passes to the poBitive plate or 
ie. The cyanide of potaBsiam is therefore set at liberty 
ne surface of the article receiviug the silver deposition, and 
ition being specifically lighter than the general mass of the 
plating solution, rises to the top; this 
causes a current to take place alon^ 
the face of the article being plated. 
If the article has a flat surface, sup- 
pose that of a waiter or troy, upon 
which a prominence exists, as a, mount- 
ing round the edge, such as a gadroon, 
see fig. 44, it will cause lines and ridges 
from the bottom to the top, as already 
described at page 78. Newly -formed 
solutions are most snhject to prodnee 
this annoyance. 

other ElTfectH prodaced tn ITorklnE. 
— As the cyanogen combines with the 
silcer plate forming the positive elec- 
trode, it is dissolved by the free cyanide 
of potassium, which the eolation must 
havei and, being specifieally heavier, 
sinks to the bottom, by which a cur- 
rent downwards is excited; this is of 
iter annoyance than that it renders the solution of unequal 
J which in its tnm yields an unequal deposit, more being 
ion the lower parts of the article than on the upper : the 
ilate also is destroyed more rapidly at the bottom than at 
I, except at the surface of the solution, if the silver be above 
ire the plate gets cut through. In a new solution, which 
ed li onnces of silver to the gallon, we have found, just 
taking out the Articles, that the top part of the solution 
cd 200 grams of silver less, and the bottom part 200 praius 
er gallon, than when the articles were put into it. These 
tes and annoyances may, however, be nearly surmonnted by 
; the articles in motion : agitating or stirring the solution 
gaily wonld also obviate these annoyances; but this is not 
Je, for if the sediment {which always forms) were stirred np 
A settle upon the face of the articles and make them rough, 
there is engine power it is an easy matter to keep the articles 
Ion ; but where this power is not available, a very simple 
;db, invented by Mr Alex. Mitchell, of Glasgow, may be 
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Utted op at a trifling coet, to give the necessary motion bf clc 
work. The foUowiog sketch euibits this apparotns : — 
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iNi w ifc — If^. ^ »tie iriwittiuo, witb SmiA tbaaa off; Sg. 
^tKt «l»>iUK>u <^' ithu pun iK' :>twc thuBs whan c&e b- b 1 
igx. 47 Miti ^ clM ^ia^ui)^ *aiv '■nth firan« moraip en bc 

tV tars*' ^'>*''^ ^ % ^*^ ^ pcotNiM bf a ma^ soape 

>iMM Uw rvvM' )>> » '.'vi>l wlwk Diatfe. nraoA its iMcnl^ tfie na 
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it np the iodioed plane b, fig. 48, until the pin fixed in the wheel 
ipaeses the end of the arm b. The frame then moving down the 
inclme e, briagB b in gear with the nest pin, and the same motion 
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'^Stu takes place, and so on sncceBsirel;. The speed is regulated 
17 the train moving in an endless screw fitted on the last wheel of 
I Ike arbovr of a fan. The foar boles in fig. 46, are for bolts or pil- 
I ItfB for screwiDg the two frames together. The frame has fonr 
I pnDefs and inclines, the latter adjustable to a greater or less degree 
I by the screw and grove at e. 

»t i» B «li diHoiTtns otr In Sointfon. — la depositing any metal, bnt 
more partionlarly snch as reqnire solntiona having an escess of the 
Eolvent, snch aa of cyanide of potassium in the depositing of gold 
and silver, care shonld be taken that nothing stops the current of 
dectricity suddenly, while the article being deposited apon remains 
in the R>lntion, otherwise the metal deposited will speedily dissolve 
off. This we have often experienced, and many others have no 
donbt done the same. Indeed, we have seen a beautifnl deposit 
jtotog on, and left the operation with great hope of excellent resnlts, 
bnt on returning shortly after, have found the whole dissolved off. 
Anil often, when the process was apparently going on well, and the 
articles had been in the solution the usual lime to receive a fair 
coatEng of metal, npon takinp; them out and weighing them, there 
W8« hardi/ an; pereeptibJe difference from t,\ie 0"n^mB^"«e\^\.sMi 
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sbort. there had beat no otterial depodt. Tiioe pbenomeDa 
}jt foand to ocmr witb the greatest freqaency wlien tlie solot 
and the batteries are in the bat oooditioii for workiDg, and i 
tLe anicle np<.»xi vhich the dejkont it going on, and the pole or] 
of me: a] formiug tbe iK^tire electrode, are at a considerable dist 
from each other. Dut before explaining what we consider t 
the caase of these aiiuojances. ve will refer to another pheuom 
cooDected with them. 

• pp a Mti CwmiU mt Biccsifctty tirmm T«ts« — If, under the 
cumstaDces referred to. and when the deposit has gone on for 
time, the wires connectiug the battery with the electrodes i 
dei>OFiting solution be disconnected from the battery, and tbeii 
ends be joined together, a corrent of electricity nearly as stro: 
that from the battery will pass through the wires, but in tbe ( 
site direction from that which was obtained by the battery ; t 
two pieces of metal were attached to these wires and pnt into a 
tion of copper, or any metal, a deposition would occur, the or; 
electrodes now constituting a battery in relation to this si 
decoui|>osition cell : the current, howerer, would gradually w 
until it ceased. The cause of all these actions and reactions i£ 
tbe article being plated with silver in connection with the ba 
exhausts tbe solution of silver around it, leaving free cyan: 
potassium in solution, while around the sheet of silver which is 
iug as tbe positive electrode the solution is on the contrary becc 
saturated witb silver, so that we have all the conditions necesst 
constitute a battery, having silver in two kinds of solution — tt 
capable of dissolving silver, tbe other not. In these conditioi 
the source of tbe annoyances described above. From the m< 
the deposition of metal begins, there also arises an opposite ci 
of electricity, tending to neutralize tbe effects of the battery, 
current goes on increasing in quantity until the two currents 
tralize each other, or it may be until the current from the ti 
0V6r[)0wer8 that from tbe battery. In tbe latter case, as we 
said, there may, at the termination of tbe ordinary period^ be 
or no silver deposited on tbe articles intended to be plated. "M 
in tbe silver or depositing solution will prevent all these annoyi 
and this being now generally adopted, these phenomena are no 
observed, but the effects take place less or more in etery solu 

Test for the Quantity of Free Cyanide of Potassliiiiiln Solntlf 
It has been abeady mentioned, that the cyanide of silver, as it 
upon tbe surface of tbe silver plate, is dissolved by the cyan 
potassium : this renders it necessary to have always in the so 
n*ee cvanide of potassium. Were we to use tbe pure crys 
salt or cyanide of potassium and silver, dissolved in water, w 
ai)/ free cyoulde of potaBsi\xm» ^^^ «\iQw\.^ \iQ»t» obtain a d 
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ond a momentary blush ; as the silver plate or electrode would 
an instantaneous coating of cyanide of silver, and this not being 
wived, the current would stop. The quantity of free cyanide of 
assium required in the solution jaries according to the amount 
lilver that is present, and the rapidity of the deposition. If 
re be too little of it, the deposit will go on slowly ; if there be 
much, the silver plate will be dissolved in greater proportion 
a the quantity deposited, and the solution will consequently 
stronger. The proportion we have found best is about half by 
jht of free cyanide of potassium to the quantity of silver in 
tion ; thus, if the solution contains two ounces of silver to the 
on, it should have one ounce of free cyanide of potassium per 
gallon. This is known by taking some nitrate of 
silver, dissolving it in distilled water, and placing 
it in a common alkalimeter, graduated into 100 
parts, fig. 49. The proportion of the nitrate of 
silver in the solution is, that every two graduations 
of the solution should contain 1 grain. A given 
quantity of the plating solution is now taken — 
say 1 ounce by measure, and the test solution of 
nitrate of silver is added to it by degrees, so long 
as the precipitate formed is redissolved'; when this 
ceases^ the number of graduatioiis is then noted, 
and the following equation gives the quantity of 
free cyanide. Every 175 nitrate of silver are equal 
to 130 cyanide of potassium in solution. Suppose 
20 graduations were taken, equal to 10 grains 
nitrate of silver^ then 175 : 130 : : 10 : 7*4 grains 
free cyanide of potassium. This, multiplied by 
160, the uumber of fluid ounces per gallon, will 
make about 2^ ounces. We have taken 2 gradua- 
tions to one grain of nitrate of silver, that the 
^^' solution may be ooosiderably dilute and less liable 

rror. The following table is calculated at a half grain nitrate of 
ir to the graduation, and will be a guide to the student op work- 
: the quantity of solution tested is one ounce by measure. 

Number of Free cyanide pev- gallon, 

^j^oations used. oz. dwt. gr. 

x..>*.*.U M XiJ 

2 5 3 

3 7 16 

4 10 6 

5 12 19 

6 15 9 

7 17 22 



-S4I) 






12G ELKCTRO-PLATIKG. 

^iimbtf of Free cyanide p«r gaDofl. 

graduatkMta naed. oz. dwt. gr. 

8 1 13 

9 1 a 1 

10 1 5 12 

11 1 8 5 

12 1 10 19 

13 1 13 8 

U 1 15 22 

15 , . 1 18 11 

16 2 1 2 

17 2 3 14 

18 2 6 2 

19 2 8 11 

20 2 11 

Aaother method maj be adopted : if^ fbc instance, we d 
a small qoantit j of »alphate of copper^ and add to it an exi 
ammouia^ there is prodaced a deep blue colour; ejanide of poti 
will destroy the blue colour, in a &sed cfa«nical proportion; 
taia this proportion, take 10 grains of pore cyanide of pot 
and dissolTe ia water; then take a certain qoandtj, saj 100 1 
of sulphate of copper, and conrert it into ammonioret, the 
measuring a ^iven quantity, and poor firom aa alfcaRmeti 
blue Uquor into the cyanide of potas»nm till it ceases to d 
the colour, then mark tibie number of graduations required, ai 
amount of copper solution will represent 10 grains eyaz 
pota^um ; a quantitative test will tira& be got for the full c 
of potassium in the soiutioOf and should be used as &rfIow 
that the colour of GO graduations of die bhie solution was des 
by the 10 grains of cyanide of potas»um, then to- test tiie qi 
of &ee cyanide of potas^um in the plating solutiou, take 6 
duatiou^ of the blue liquor in any couvenieiit ressei, and ad) 
fh>m an alkalimeter the plating solution till tiie colour of ti 
liquor is^ detMiroyed* then note the quantity which contains 10 
^^ cyanide^ ^m whM^ the quandty iu the whole solutien. i 
calculated* 

i^*» ^ #Hlttcttteit Wfci^ia When articles are taken out 
solution they are swilkd in water, and then pot into b«^mg 
they are afterwards put i&to hot sawdust, wiiich dries th« 
feedy. Xheir coloiur is^ chalk-whita. They are generally w 
^:Mfore being scratt:b4)nifihed ; that is, brukted with the ihv 
brtifihes uud stide beiir as^ already described. Although this 
tiou does not displace auo^ of the stiver, stilU in taking off the 
:q>peiferauce> there is^ % $Q|jbit lo^ of weight ; the appenranc 
c^craldui^ is tlMit of bctg^ OMtaUic SAtrer. Aay thiekoea o 
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■ij be given to a plate hj eoutiuuiiig the operation a proper leu'^tli 
Btiine. Ooe ounce and a. quarter, to one ounce and a-lialf of 
f»M, to the square foot of surface, will give an extellent plate 
wnt the thickness of ordinary writing paper. 
ftBilBlit Deposit — A little aulphuret of carbon ailded to the plating 
uation prevents the chalky appearance, and givea the deposit the 
" earance of metallic silver; the reaction which takes place in this 
tare is not yet understood. The best method of applying the 
pphoret of carbon is to pnt one or tvro onnces into a large bottle, 
a fill it with strong silver solution, having an excess of cyanide 
E potnsfiium, and let it repose for several days, shaking it occasion- 
By, A little of this silver solution is added, as required, to this 
g Bolution, which will give the articles plated the sameappear- 
e as if scratched. It is also found that the presence of sulphuret 
I carbon prevents the solution from going out of order j indeed 
t .have seen a solution that has been constantly working from 
fro to three years, while, generally, tliey were snljject to go out 
" order for a time, in less than one year — although, after standing 
time, they would recover — but these are curious reactions not 
Jet investigated. 
_|-iilEferentnetaiBrarPl>tli>B' — Silver may bo deposited upon any 
^Bttalt but not upon all with equal faciUty. Copper, brass, and 
^■erman silver, are the best metals to plate ; iron, zinc, tin, pewter, 
Hpd Britaunia metal, are much more difBcult ; lead is easier, but it 
^KnDt a good metal, because of the rapidity with which it tarnishes, 
^fttd, fl-om its softness, easily yields to the pressure of the burnisher : 
Hevertheless all these metals and alloys may be, and are, plated, but 
^nnnot give the satisfaction which brass, copper, or German silver 
■Otord. In plating upon alloys having tin in them, such as Brttanuia 
Rinetal, they must not be dipped into nitric acid previous to plating ; 
MDt into a hot and strong solutiou of caustic potash or soda for 
^ne minutes, and pnt directly into the plating solution, (which 
^■oald have an excess of cyanide of potassium, and the bottery 
^m OB strong as the liquor will admit of without gas being evolved,) 
^Ktil covered, when the silver may be thickened by an ordinary 
^Bntion and battery. 

^VBleetrleltT slven air from Bandy uepoait*. — We may mention 
Hnt when depositing silver upon a large surface, and the solution or 
^Kttery being in the condition to give the sandy deposit, or rather 
^pien the deposit has gone on for a long time and the solution not 
^Kd agitated, so that it has become very much exhausted of silver 
^Emd the article, the deposit towards the end of the time has been 
^■Ooet impalpable to the touch, like tlour : sometimes the grains 
Hve a tittle coarser. The practice, in such cases, is to lift the 
^Hcles from the solution, and to place them in lioVAii?, ■«^\.w, ms&. 
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after steeping there some time, to take them out, when the heat of 
the metal soon causes it to dry. Under these circiimBtaneea, ifta 
the deposit was of the sort stated, we have seen on a large waiter or 
tray, when the hand was rapidly drawn over the surface, after it w«l 
dried in the manner described, the same eifect prodoced as wha 
the hand is drawn over an electrified handkerchief, or sheet of 
foper, accompanied with a crackling noise and pricking sensatioiL 
W'ki have repeatedly observed these phenomena, but never having 
chanced to be in the dark, no light was visible from the surface 
rubbed. Although these are the conditions under which the obac^ 
rations were made, the phenomena were not produced every time 
these conditions were found. It is probably caused by the fact tlnfc 
this kind of deposit, which is of a chalky appearance, is a bad con- 
ductor of electricity, and as the boiling water was often very impure, 
holding salts in solution, the rapid evaporation of the water from 
the surface of this sort of deposit might leave it excited for a short 
time, and the hand being drawn across at the time of excitation, 
the electricity was liberated. 

The old method of Pumnff. — Many objections have beeii urged 
against the application of electro-deposition to the purposes of 
plating, as a branch of maimfacture, either as a competitor or sub* 
stitnte for the old method, technically called SheffieUd plate-^-^ 
called because Sbeflield is a pnncipal seat of that manufacture. To 
enable our readers to form a proper estimate of the objections 
urged, by enabling them to judge of the relative inoiportance and 
value of the two processes, we shrtstU add a brief description of the 
old method. 

An ingot of copper being cast, was filed square and smooth, and 
a piece of silver was placed upon it, the two surfaces being perfectly 
clean : a little borax having been introduced between the two 
metals, they were bound together with iron wire, and then heated 
in a furnace nearly to the melting point ; the small quantity of 
borax increased the fusibility of the two metals at their surface, and 
thus they were fused together. When fusion was effected the 
metals were subjected to the dilating process of heavy rollers, the 
dimensions in length and width being regulated according to the 
articles to be made. This sheet formed the base or foundation of 
every article, of whatever shape or form, and however it was to be 
ornamented when finished. 

To produce ornaments, leaf silver was stamped in iron dies re- 
presentmg the ornaments required, which, when removed from the 
dies, were fiUed with an alloy of lead and tin. These were then 
soldered upon the flat or shaped plain surface with soft solder, 
whicJi melts at a very low temperature : thus were produced the 
silver edges, or mounts. * "uuucu tuu 
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^^Bb quality of the OTDament depended enlirely upon llie price of 
BWutiele ; but whatever the quality, aH orDamcntE in the old mode 
Brplating were thus made, the only difference being the thickness 
of the Hilver leaf used:— Ornamental feet, handles, knobs, &c., were 
■najie in the same manner, being struck up in bco parts, filled with 
Uad and tin, soldered together with soft solder, and afterwords 
saldered to the main body, Arfioles (snch as table candlesticks) 
which would be too heavy if filled with lead, were filled with rosin, 
pilch, or any other rimilar substance, for the purpose of preventing 
tiie article being flattened by pressure. Hence it is evident that no 
moSd article could he made by the old mode of plating, the only way 
of producing articles being to work them up by the hammer, or to 
Strike them in dies from a fiat surface ; and being restricted to the 
use of soft solder, on accoant of the plated metal and the shells of 
ailver, forming the edges, not supporting the required heat to melt 
^7iw solder, it is equally evident that the joinings so constructed 
■would be easily removed either by foroe or heat. 

The nearest approach to soM articles made by the old method of 
Jilating, were forks and spoons : these were generally made of iron, 
*htn silver being soldered upon the surface, which was afterwards 
4lreEsed smooth, and polished. 

The heat used in this operation was merely that of an ordinary 
Boldering iron ; because, were a greater heat applied, the silver 
Ai-ould form an alloy with the tin and lead of the solder, and melt: 
ibe same heat that cemented the metals in the first instance wonld 
lie sufficient to disunite thera; and thus, when these forks were 
"?^-posed in hot gravy, the solder was liable to become soft, and the 
silver covering, yielding readily to the knife, to peel up or bzcome 
abraided, in consequence of the soft intervening metal. 

AdTantages of Eiectro-piatinB, — The advantages olTercd to the 
plater by the electro -process are many, arising from the fact of the 
articles being plated ajier, instead of before, being manufactured. 
This at once entirely removed all those restrictions on taste and 
design, under whicli the plater was forced, by the nature of his pro- 
cess, to labour. 

The following may be considered some of the principal differences 
existing in the two processes of plating, — the old method and the 
electro -process : — 

1. The electro-plater is not limited in the use of the metal npon 
which be plates. There is generally used, as the bases of all electro- 
plated goods, a hard white metal, wliich possesses the sound, and 
approaches very nearly to the colour, of silver. Inferior goods are 
sometimes made in brass. 

2. The electro -plater is not restricted to the usb of soft solder, 
which melts at a very low temperature, and forms a, vct^ vosoSisMsft, 
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joint, besides preventing any soand or ring in the article bo r*'*'"*^ 
Where cheap goods are required, this may be used in Am 
as well as in the old, bnt is always open to the same objeetioii. ^ 

goods of superior quality, made for the electro-process, are sdiiflrf*^^ 
with what is tenned in the trade hard sSver mMer^ composed A 
parts of silver and 1 part of brass melted together, which is 
affected by any ordinaiy degree of heat, and presents a joint 
Rtrong as the metal itself. 

The common solder of braziers n^y also be used with adTantap: 
it is very hard and darable, and requires a strong heat to melt it 

8. The electro-plater, in producing ornamental articles, is nut 
obliged to incur the expense of cutting iron dies for every mfaniis 
portion ; being under no restriction, he models his pattern, andbj 
casting and chasing in 9oUd metal, produces an exact copy, whichii 
afterwards plated or gilt. 

Thus any pattern which can be executed in sflver may be readi^ 
made in plate by this method. 

4. The junction of the plating with the metal below, by the ds^ 
tro-process, is perfect, without the presence of any intervening sub- 
stance : the forks and spoons thus made are not open to the olgw- 
tion of the old process, and are found to answer all the porposes of 
silver, in sound, appearance, and wear : they are generally tested, 
previously to polishing, by exposure in a furnace to a red heat 

5. From the facility with which old goods may be now restored, 
these goods bear an intrinsic value ; whereas, before the introdoe- 
tion of the electro-process, a plated article worn through in any pert 
was valueless. 

Objections to Eleetro-platlns^^-Several objections to the electro- 
process have been keenly urged ; bat they may all be reduced to 
the following : — 

1st objection : Deposited metal is crystalline, and therefore, 
though it may impart in appearance a silver coating, it must neoes* 
sarily be full of minute interstices between the crystals: hence when 
a metal, such as copper, is plated, it is liable to be acted upon by ths 
atmosphere, or injured by whatever is brought into contact with it 

This objection was not without foundation, as all deposited metals 
are crystalline in texture, but they do not necessarily leave inte^ 
stlces : the objection, however, is almost entirely removed by keep- 
ing the articles in motion during the deposition : by motion and 
proper arrangement of battery we have deposited silver of as high 
specific gravity as hammered silver, which could not be the case if 
it were porous. 

2d objection : As only pure silver is deposited, it most necessaiiif 
be soft, and consequently liable to abrasion, and more rapid wear. 

This objection is also partly true. Only pure silver can be d^ 
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at it IB not necessarily soft : the quality of the deposit, ia 
lect, depends (as already noticed) a great deal upon the 
f the Bolation and the battery power. Intensity of battery 
rdnesB to the metal deposited. There is do complaint more 
amongst the bnmishers of electro-plated articles, than that 
i ia hard; and it is far from being an uncommon occnr- 
lat Home goods have to be heated so that they may be more 
tmished or polished. How far this annealing may affect the 
the goods is not yet ascertained. That the silver is pure 
an advantage, — hence the superior colour which electro- 
)ods possess : besides which, purchasers are not subject to 
of having a plate much alloyed. 

ection : The mounts or prominences of articles, which must 
greatest wear, have the least and thinnest deposit, 
bjection is entirely without foundation, as the prominences 
ays the greatest portion of deposit, and the hollow parts 

Utrer Articles made Ky tbe BatMry. — Silver may be depo- 
n its cyanide solution npou wax moulds polished with black- 
lost as easily as copper; but for this puipose it is better to 
solution much stronger in silver than for plating. We have 
kt 6 ounces of gilTer to the gallon of solution make a very 
mgth. Nevertheless, no articles are made in silver by de- 
ipon wax in this manner. Strong solutions of cyanide of 
1 and silver act upon wax, and wonld soon destroy a mould. 
lod of making anicles in solid silver by the electro- process 
already espiained (page 61), namely, a copper mould is 

the electrotype, and the silver is deposited withm this 
tbe proper thielmess ; after which it is kept in a hot solu- 
Bcua and mnriatic acid, or boiled in dilnte hydro-chloric 
ih dissolves the copper without injuring the silver. 
Jthod which we esteem as best for dissolving off the copper 
n iron solution is first made by dissolving a quantity of 
In water, placing it on a fire till it begins to boil ; a httle 
lis then added — nitrates of potash and soda will do jnst as 

iron, which is tlius per-osidized, may be precipitated 
' ammonia, or carbonate of soda ; the precipitate being 
mriatic acid is added till the oxide of iron is dissolved, 
e the Bolntion for dissolving the copper. When the solu- 
HOB almost colourless, and has ceased to act on the copper, 
Ul of a, little ammonia will precipitate the iron again; after 
posnre, the copper remains in Bolution, which is decanted 
reserved for recovering the copper; thie is done by neu- 
ihe ammonia by an acid, and patting in pieces of iron, 
losit the copper in the metallic state. The ijreci^ii.ta.te of 
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iron is ngain dissolved in muriatic acid, and employed in dissolnng 
the co])per. Thus the iron may be used over and over agikl 
with little trouble, and the persalt of iron will be fonnd to diuolfl: 
the copper more rapidly than an acid : persnlphate of iron most not, 
be used, as it dissolves the silver along with the copper. The sihv 
article is then cleaned in the usual way (page 1151 and heated to 
redness over a clear charcoal fire, which gives it tne appearance of! 
dead silver, in which state it may be kept, or, if desired, it maybe 
scratched and burnished. 

When ammonia is first added to the above solution of copper and 
iron, both these metals are precipitated together as a brown predpi* 
tate. After a little exposure, the copper dissolves, and the ironii 
at the same time per-oxidized, having been previoasly reduced to 
the protoxide by the copper dissohing. When the persulphate of 
iron is used for dissolving copper, and ammonia is then added to the 
solution, the same results take place :— the precipitation of boA 
copper and iron. But the compound seems not so stable, the 
copper passing more quickly into an oxide, which dissolves in the 
ammonia. However, with free ammonia, either with the chloride 
or sulphate, the oxidation of the metals is slower than with water 
alone. 

Copper moulds intended for receiving a deposit must be pro- 
tected on tlie back, but if the solution is very strong,, there is every 
danger that it will decompose the protecting substance, thus rende^ 
ing the solution very dirty, and causing a sediment. For the piff" 
pose of protecting the mould, various suggestions and experiments 
have been made; amongst other substances, pitch has been tried: it 
is easily affected alone, but ou boiling a little of it in potash, a heaTj 
and dirty sediment is left, destitute of any -adhesive property; on 
putting a quantity of this sediment into a pot nearly fillecl with melted 
pitch, a violent effervescence will take place, setting free a volonK 
of white fumes having a creosotic smell. After all efifervesceuce has 
ceased, which will not be before a considerable time, and when all 
the mass seems to have been acted upon, the proc-ess of making an 
excellent protecting coating is completed,^ — a coating which will not 
yield in the solution, and which is at once both good and cheap, its 
only fault being its brittleness. 

In the manufacture of solid silver articles,, the electro-process has 
not yet been of extensive application : and in making duplicates of 
rare objects of art, and costly chased or engraved articles in silver, 
one prevailing objection has been felt, namely, they have no "ring," 
and seem, when laid suddenly upon a table, to be cracked or 
unsound, or like so much lead ; this disadvantage is no donbt partly 
owed to the crystalline character of the deposit, and partly to the 
pure character of the silver, in which state it has not a sound like 
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R^rd or nllojeil silver. That this latter panse is the principal 
appears from the fact that a piece of silTer tliiiB tIepoBited is 
lot much improred in sonad hj beiug heated and hammered, which 
PVonld destroy all crystallizalioii. 

We may meutiou that the same objections are applicable to 
krticles made in gold by the elect ro-d epos it; nevertlieless, for fignres 
Bnd ornaments, these objections are of little weight. When in 
Marlborough House a few months back, we were shown a plate of 
Uitiqne pattern in deposited silver, which was all hut free Irom these 
Jefects. 

Dead SUvcrlns for Medals. — The perfect smoothness which a 

iiedal generally possesses on tiio surface, renders it very difficult to 

"iljtain a coating of dead silver upon it, having the beautiful silky 

'jstre wliich characterizes that kind of work, except by giving it a 

■-firy thick coating of sityer, which takes away the sharpness of the 

'QpressioiL. This dead appearance can be easily obtained by putting 

[■■ inedal, previous to silveriug, in a solution of copper, and depcit- 

s iipon it, by means of a weak cnrrent, a mere blush nf copper. 

ich gives the face of the medal that beautiful crystalline richness 

..it deposited copper is known to give. The medal is then to be 

.:^|ied from the copper solution, and itomediately to lie put into 

.!.■ silver solution. A very slight coating of silver will suffice to 

-. i; the dead frosty lustre so muck admired, and in general so 

M.Uicult to obtain. 

uxidizlnB BiiTer. — A very beautlflil effect is produced upon tho 

anrface of silver articles, technically termed oxidising, which gives 

the surface an appearance of polished steel. This can be easilj 

. !!(.f,ted by taking a httle chloride of platinum, prepared as described 

[lage 42, heating the solution tlnd applying it to the silver, 

: (.ni an oxidized surface is required, and allowing the solution to 

. . upon the silver. The darkness of the colour produced varies 

:i:ading to the strength of the platinum solution, from a light steel 

j- to nearly black. The effects of this process, when done along 

■ fi what is termed dead work, is very pretty, and may be easily 

,].lj|ied to medals, giving scope for the esercise of taste. TJpou 

iliia we quote the following : — 

*' The high appreciation in which ornaments iu oxidized silver ore 

hnw held, render a notice of the process followed interesting. 

'I'lierc are two distinct shades in use, one produced by chloride, 

'lii'b has a brownish tint, and the other by sulphur, which has a 

icish black tmt. To produce the former, it is only necessary to 

.isli the article with a solution of sal-ammoniac; a much more 

beautiful tiut may, however, bo obtained by employing a solution 

composed of equal parts of snipliate of copper and sal-ammoniac 

ill vinegar. The Hue Wacb lint may be pToOrawi \i^ ij.'^\^:*\-i 
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warm Bolntion of salphnret of poUssiam or BodianL" — Chem, 
Ttchn. MittheUtmgen von Dr Ellsner. 

Pr*teeti«B mt Biiww SorflMc — ^All sIlTer or plated articles an 
Kobjoct to tarnish by exposure to the air, espedallj in this climate, 
iiikI where cuals containing bo much solpher are used ; the tarnish 
being generally a sulpharet of silver. Deposited silver is more 
easily tarnished than standard silver. 

Medals or figares silvered for the sake of their appearance ought 
to be protected from the air, or they very soon lose their sflver 
colon r ; a medal may be pnt into a frame air-tight, and a figure 
should be covered with a gkiss pltade : if the silver has been left 
dead, any attempt to clean it destroys its appearance. YamishM 
have been tried to protect the silver fh>m the atmosphere; but all 
varnislics, however colonrlcss, detract from the silver lustre, and an 
not good. For ordinary purposes, medals may be very conveniently 
protected by laying a piece of common ghiss over the snrfaoe, cntto 
the exacrt size, and held close by a piece of paper pasted round the 
odgcR of l)oth, and then a stout piece on the back. We have had 
silver medals, preserved by this means, for more than ten yeaA 
Little round medals may be conveniently covered by watch-glasses 
fastened on in the same manner. 

Cleaninir of silver. — A weak solution of cyanide of potassiuD, 
used as a wash over tarnished silver, will brighten it. This solntion 
was, and we believe is still, sold in small bottles for this purpose, 
but it is not good, as it dissolves the silver rapidly, and is sndi a 
deadly poison that it must be used with great caution on articles that 
may bo required for domestic purposes. 

A variety of cleaning pastes and powders are used for silver or 
plated goods. Those containing mercury and oxide of lead should 
be avoided, for although they give a dark colour when newly pnt 
on, it soon blackens. The best paste we have found is a mixture of 
fine precipitated clialk, carbonate of magnesia, and oxide of iron. 
These materials arc made into a paste, and rubbed npon the 
plate with soft leather: for wrought or chased surfaces a hard 
brush is best. The goods should be finished by polishing with 
leatlier and a little of this mixture in a dry state, which will give 
that fine dark mirror-looking colour so much admired. Common 
coarse whiting and flannel cloths should not be used, as they wear 
the silver rapidly 
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1 operation of gilding, or covering other metals witli a coating 
■Id is performed to the same maoDer as tlie operation of plating, 
Btbe exception of a few practical modifications, which we shall 
f notice in detail : — 

□ of Hoiation of Cold. — The gold solation for gilding is 
red by dissolving gold in three parts of muriatic acid etnd one 
ric acid, which forms the chloride of gold. This is digested 
■ calcined magnesia, aud the gold is precipitated as an oxide; 
Txide is boiled in strong nitric acid, which dissolves any mag- 
in nuiou with it : the oxide being well washed, is dissolved 
wide of potassinm, which gives cyaaide of gold and potas- 



Suhstances used: Substances produced : 

e of Gold =AuO J Cyanide of Gold ( ^p -lap 

«udeofPotassinm=2KCy and PotasBium j" ^'^^y-^^^^J 
I Potash =K0 

Ano + 2 KCy=KO + (KCy + AuCy.) 

fc this method a proportion of potash is formed in the solntion, 
B impurity ; it is not, however, very detrimental to the process. 
iparing the oxide of gold there is always a little of the gold 
recover which the washings should be kept, evaporated to 
Sfl, aud fased. 
_.«)ther and very simple method is this : — Add a solntion of cya- 
« of potassinm to the chloride of gold, until all the precipitate is 
rtdissolvedj but tins gives chloride of potassium in the solution, 
which is not good. In the preparation of the solntion by this 
means there are some interesting reactions. As the chloride of 
gold has always an excess of acid, the addition of cyanide of potas- 
Giam causes violent effervescence, and no precipitate of gold takes 
place until all the tree acid is neutralized, which causes a con- 
riderable loss to the cyanide of potassinm. There is always formed 
ill this deposition a (|unnlity of ammonia and carbomc a-tti, ftu\a. 



•..^ 'I/rff'/aii»>rti of '*.': /;var;/V.«- of pota«?i; ar.d if the chloride of gold 
»,€: ri'.t*A'u*.\j f»r'f»ar''l ftfi-l hot, there L- often formed some anrate of 
fci/iifi'ifiLi ^fri!f/:irjare of jfol'ly, which precipitates trlth the cvanideof 
jroM. \V«rr<: thia i*r':npitate to >>e collected and dried, it woald ex- 
pI','l*T wIhii :i!i:;ljt!y hwited. On previocsly diluting the chloride of 
jr',l«l, »ir iihiij/ ir. i-oM, tliii* compound is' not formed. 

After t.li<r fn;<r iicid Ih neutralized bv the potash, farther addition 
of tlitr cvurii'li! of |)otn«>.-iiHn precipitates the gold as cvanide of gold, 
hfiviii^r iL li^iit. )'i*I!ow colonr; but as this is slightly soluble in am- 
iiionin and nomi? of th(; alaklino salts, it is not advisable to wash the 
|i:i-i'l|iiliilfr, livil, th«:ni bo a loss of gold: cyanide of potassium is 
.t{<MH:rally iid'lcd iintil the precipitate is redissolved; conseqnentlr 
iniHtli iiiipiirlly Ik formed in the solution, namely, nitrate and 
riii'tiniiiiln of potash with chloride of potassium and ammonia. 
Nnhvilh.Htandiii^, tliis solution works very well for a short time, 
unit It Im vrry ^(hhI for operations on a small scale. 

Miiiirry rrMcm* ef rrrpartnir QoM Solntlva. — The beat method 
ol' pn^puriii^^ tlio gdid solution is that described for silver (p. 111). 
Stiy tho (ipt^ralor wishes to prepare a gallon of gold solution, he dis- 
kittvrK tour iMuuTs of rynniik* of potassium in one gallon of water, 
uiid lunitdthrMoIuiiiuito XbO"^ Fah.; he now takes a small porous cell, 
luut tills it with tlti.^ cyttniiK* solution, and places it inside the gallon 
lit' Ni>!utiou : iiUii this it!! is put a siimll plate of iron or copper, and 
uttaclird by u wiro to tho zinc of a battery. A piece of gold is 
nltii-ril iiiti> llio lar«;:o solution, facing the plate in the poroos cell, 
rt.i'l uttiu'liod to ilio ivppor of tho battery ; the whole is allowed to 
tviitalti iu ai*(ioa uitill tho gold* which is to be taken out from tune 
tv» liisio iiud \>\'i:-;:hod, hast lost tlie quantity required in solution. By 
{Ills ttuMiis a soluiiori of auv strtMi^th can bo made, acconlins: to the 
ii::u? .i!!o\v\'.!. Tho s^>Iutioii in tho porous coll, except the action 
h.i.x ovii[i:iitvJ \\}\\j^, will have uo goM, and may be thrown away. 
H.ilt' asi !k»ui* wi'l sijrruv tor a small quantity of soIutioQ; of coarse 
ji.'v ij'UMiiiN of" Ni,»Iui:oii may be made up by the :$anie means. For 
.»" ilu> o['oiai:oiiN ot' jj^iMiiij;; by the oyauido solution, it most be 
■ii-a.-Ai .» A\ \m>i liSO"* b\ih. riio aniolos to be gilt ore cleaned in 

.10 N^tfc^'fc aoscr-'vi" :i.'r -tilvci", buc :fcrv aoc dipped into nitric acid pre- 
\ 1 1 ' i I n! \ . •.» 'a' » 1 ij; \Kii ■ ! I : lio i^olii si.»iu c io n. T li reo or fo ur minates i* 
Mt.ti\-40ii: \\\\w ;■■* ^'IjI Auy sinali araoie. A'^tr the articles are 
c la.u-xi .iiivi .:! vaI, . !l'\ ui'v \vo<'!ovi : iud, wiieu '^ilt. ^he^ are 
\vv.u,'K\I ip; i.ii 'la.N .lio -.[tuiiii'ty jf' jjt^lu ^il.'lJU:^iteu is ascertaiiiec- 

Vi; .vMvtui.vii. iioii.is iiio X' .i«Lo.;*['.*d :br 'leatiiiir rhe wlutfoc. 

f'lv' mk- ;i.iu"iH.l* uu-jn*.*: si, :o ;ju: ^ ^touew-arr? 'jou ■*'juc:iLnin:;:ae 
xo.uii .1 ii,i.» .ut i"ii .'i- iiijniuo vtf5i8i;.-; iiieu Aith vaC'ir, Tuica iskrot 

I. W Hiiilii.; K'lii.. .it »i.i' *)v Xili'^ ;jlar-.u i[)0!i .1 joc oiars --'C 

..'.ii ,.t.% ! 'K- Kk.'.k ..'.». N.^- villi. J ii, .:io L'S5^ ):ii!.'jry Moiv^risrttq^uiK<i = 
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Bttrally three or four pairs of plates are used for gilding, and the 
fctioniBkept at 130° to 150° Fah.; but oue pair will aiiawer if tlie 
Ktioa is heated to 200" . 

^p»w!CM or eiidiDs. — The process of gilding is generally performed ' 
H>iiBi!v'er articles. The method of proceeding is as follows:— Wlien 
H articles are cleaned, as described in our chapter on plating, they 
Bweighed and well scratched with wire brushes, which cleanse away 
B tarnish from the sorfuce, and prevents the formation of air- 
Blblea ; they are then kept in clean water until it is convenient to 
Ibnerse them in the gold solution. One immeTsion is then given, 
bUch merely imparts a blush of gold; they are taken out and again 
uashed ; they are then put back into the solution, and kept thorn 
■t three or four minutes, which will be sufficient if the solution and 
Ktery are in good condition ; but the length of time necessarily 
K>eiids on these two conditions, which muEt be studied and regn- 
Hed by the operator. 

EItod, tin, and lead are very difficult to gild direct ; they therefore 
gsnerally have a thin coating of copper deposited upon them by the 
^«nide of copper solution, and immeiliately put into the gilding 
Untion. 

■coiidlilaiu rMiulred In BUdlBs. — The gilding solution generally 
Hptains from one-half to an ounce of gold iu the gallon, bat- for 
Btering small articles, Bueb as medals, for tinging daguerreotype a, 
Hdiog ringe, thimbles, &c., a, weaker solntion will do. The solu- 
^t should be sufficient in quantity to gild the artteles at once, so 
Ht it should not have to be done bit by bit; for when there is a 
^Kt in the solutiou and a part oat, there will generally be a line 
Krk at the point touching the surface of tlie solution. The rapidity 
^fai which metais are acted npon at the surface line of the solution 
Kemarkable. If the positive electrode is not wholly immersed in 
B solution, it will, in a short time, be cut through at the surface of 
K water, aa if cut by a knife. This is also the case in silver, cop- 
Ul and other solutions, as before referred to. 
KMntalnlnBibe Gold Bointion. — As the gold solutiou evaporates 
Kbmg hot, distilled water must from time to time be added: the 
PElsr should always be added when the operation of gilding is over, 
art when it is about to be commenced, or the solution will not give 
bwlisfactory a result. When the gilding operation is continued 
beoeeairely for several days, the water should be added at night. 
Bl» average cost of depositing gold is about 2d. per pennyweight. 
EiTbe means of testing the free cyamde of potassium, with nitrate 
V^rer, as described for silver, is not applicable to the gold solu- 
WD ; but it may bo tested by the ammoniuret of copper, see page 
^fl. To obtain a deposit of a good colour, much depends npon the 
fbkte of the solution and battery ; it is therefore necessary that 
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Strict attention be paid to these, and more so as the gold solution 
is Tery liable to change if the relative size of the article receiviog the 
deposit is not according to that of the positive plate. 

The result of a series of observations and experiments, conliuiied 
daily throughout a period of nine months, showed that in five in- 
stances only the deposit was exactly eqaal to the quantity dk- 
solved from the positive plate. In many cases the difference did 
not exceed 3 per cent., though occasionally it rose to 50 per cent 
The average difference, however, was 25 per cent. In some cases, 
double the quantity dissolved was deposited, in others the reverse 
occurred — both resulting from alterations made in the respective 
processes; for in these experiments we varied, as far as practicable, 
the state of the solution and the relative sizes of the negative and 
positive electrodes. 

The most simple method of keepmg a constant register of the 
state of the solution is to weigh the gold electrode before putting 
it into the solution ; and, when taking it out, to compare the loss 
with the amount deposited ; a little allowance, however, must be 
made for small portions of metal dissolved in the solution, from the 
articles that are gilt, which, when gilding is performed daily, is con- 
siderable in a year. A constant control can thus be exercised OYer 
the "Solution, to which there will have to be added, from time to 
lime, a little cyanide of potassium, a simple test of requirement 
being that the gold pole should always come out clean ; for if it has 
a film or crust, it is a certain indication that the solution is deficient 
of cyanide of potassium. Care must be taken to distinguish this 
crust, which is occasionally dark-green or black, from a black 
appearance which the gold pole will take, when very small in 
comparison to the article ,being gilt, and which is caused by the 
tendency to evolve gas. In this case, an addition of cyanide of 
potassium would increase the evil; the black appearance, from the 
tendency to the escape of gas, has a slimy appearance. This gene- 
rally takes place when the solution is nearly exhausted of gold, of 
which fact, this appearance, taken conjointly with the relative sizes 
of the electrodes, are a sure guide. 

To resnlate the Colour of the Gliding. — The gold upon the gilt 
article, on coming out of the solution, should be of a dark yellow 
colour, approaching to brown, but this, when scratched, will yield 
a beautifully rich deep gold. If the colour is blackish it ought 
not to be finished, for it will never either brush or burnish a good 
colour. If the battery is too strong, and gas is given off from the 
article, the colour will be black ; if the solution is too cold, or the 
battery rather weak, the gold will be light coloured ; so that every 
variety of shade may be imparted. A very rich dead gild may be 
made by adding ammoniuret of gold to the solution just as the 



OEJECTTOSS TO tLRCTRO-CTLVTSG. 159™ 

articIeB are being put in, or wliat is better, add some sulphnret of j 
carbon in the same way as for silver soIuiiods, which affects tha 
oolonr and appearance of the gold in the eaniG way as it does the 
silTer. 

Coisnrlitg of BiidlnK. — A defective coloured gilding may be im- 
proved by the same method as that adopted in the old procesa to i 
colour gilding or gold, namely, by the lielp of the following miz- i 
tare : — 

3 parts Nitrate of Potash 

li Alum 

1^ Sulphate of Zinc 

]| Common Salt. 

These ingredients are put into a small qnantily of water, to form a 
sort of paste, which is put upon the articles to be coloured: they are 
then placed upon an iron plate over a clear fire, so that they will 
attain nearly to a black heat, when they are suddenly plunged into 
cold water : this gives them a beautiful high colour. Difl'erent hues 
may be had by a variation in the mixture. 

To Dissolve eoM from Gtit Arttcies. — Before regilding articles 
which are partly covered with gold, or wlien the gilding is imper- 
fect, and the articles require regilding, the gold should be removed 
from them by pnting them into strong nitric acid; and when the 
articles have been placed in the acid, by adding some common salt, 
not in solution, but in crystals. By this method gold may be dis- 
solved from any metal, even from iron, without injuring it in the 
least. After coming out of the acid, the articles must be polished. 
The best method, however, is to brush off the gold as described for 
silver (page 120), which gives the polish at the same time. 

To necoTcrtbe Gold. — When the gold is dissolved off by the acid 
after it is saturated, or when it ceases to dissolve the gold rapidly, 
the acid is diluted with several times its bulk of water, and then 
soda or potash added til! the greater portion of the acid is neutral- 
ized. A solution of sulphate of iron (copperas) is then added, so 
long OS a precipitate is formed ; when this settles down it is care- 
fully collected upon a paper filter, washed and dried, and then 
fused in a crucible with a little boras and common salt, when the 
gold is found as a button at the bottom of the crucible. 

When the gold is brushed off, the brushings are burned at a red 
heat, and the residue fused with carbonate of soda and a little boraxj 
in tWs case, the gold will not be pure and will have to be refined, 

Ottlectlons to Eiectro-rUdfiiF — Objections have also been made to 
the application of electro -gilding to the arts, of the same kind 
those urged against electro- plating ; but the now almost uhIt 
adoption of this process by gilders, becaaae o? iVe ^tlw.'Ov 




wliicli tlie articles are broujrlit, forms the best answer we can give 
to Bucli objections. However, let ns take & hastj glance at tlie old 
jiroccBB and its consequences, that we may be enabled to Judge of 
the comparative merits of both methods. 

Before the introduction of electro-deposition, the only method of 
frilding was by forming an amalgam of gold and mercury, which, at 
the consistence of a thin paste, was brushed upon the articles over 
a strong heat ! the mercury being gradually dissipated, thtj gold 
remained fixed upon the ariiclea. This process is most pernicious, 
and destructive to human life ; the mercury, volatilized by the 
heat, insinuates itself mto the bodies of the workmen, uotwitbetand- 
iiig the greatest care ; and those who are so fortunate as to escape 
for a time absolute disease, are constantly liable to salivation from 
its effects. Paralysis is common among them, and the average of 
their lives ia very short j it baa been estimated as not exceeding 35 
years. It is difficult to believe that men eould be found to engage 
iusuch a business, reckless of the consequences so fearfully exhibited 
before them ; aud it would naturally be thought they would hail 
with pleasure the introduction of auy process which would put a 
stop to such a dreadful sacrifice of human life. But it is very difS> 
cult to overcome interest and prqudice, even when the object to be 
gained is of such vast importance. 

Eirecti or cronogen on BeaitiL — The effects produced upon the 
health of those who work constantly over cyanide solutions are liot 
yet fully tested, by wliich we could form a comparison with the old 
process ; for every new trade, or operation, gives rise to a new 
disease, or some new forms of an old disease. Having ourselves 
inhaled much of the fumes of that " ominous" gas given off from 
the cyanide of potassium solution, we are not prepared to stand 
its advocate, but would rather warn all employed at the business, o( 
who may in any degree have to do with these solutions, to be very 
careful not to use too much freedom. The hands of those engaged 
in gilding or plating are subjected to ulceration, particularly if they 
have beeu immersed in the solntion. The ulcers are not only an- 
uoying, but paiurn!; and, on their Qrst appeArance, if care is uot 
properly taken to wash them in strong cyanide of potassium, and 
theu in acid water, the operator will, in a short time, have to take 
n few days' rest. We have repeatedly seen, by the aid of a magni- 
iyiug ^iass, gold and silver reduced in these ulcerations. We 
have alsc known of ernptions breaking out over the bodies of 
workmen after inhaling those deleterious fumes when they were 
very bad, as when solutions were precipitated by acids or being 
evaporated to di'yness in a close apartment for the recovery of the 
metal. Eepeatedly have we seen the legs of workmen thus afflicted, 
ind alvaj's after they have been exjoaed t,o es.tra fumts. 



PRACTICAL SUGGESTIONS IN GILDING. HI 

The foUowinf^ statement of the general effects of electro-plating 
and gilding on the health of those engaged in them, as experienced 
by ourselves and others, may not be uninteresting to our readers : 
but it is necessary to premise that the apartments in which we were 
employed were improperly ventilated. 

The glas has a heavy sickening smell, and gives to the mouth a 
saline taste, and scarcity of saliva ; the saliva secreted is frothy. 
The nose becomes dry and itchy, and small pimples are found 
within the nostrils, which are very painful (we have felt these effects 
in the nose from the hydroiien of the batteries, where there 
were no cyanide solutions). Then follows a general languor of 
body ; disinclination to take food, and a want of relish. After being 
in this state for some time, there follows a benumbing sensation in 
the head, with pains, not acute, shooting along the brow ; the head 
feels as a heavy mass, without any individuality in its operations. 
Then there is bleeding at the nose in the mornings when newly out 
of bed ; after that comes giddiness ; objects are seen flitting before 
the eyes, and momentary feelings as of the earth lifting up, and 
then leaving the feet, so as to cause a stagger. This is accom- 
panied with feelings of terror, gloomy apprehension, and irritability 
of temper. Then follows a rushing of blood to the head ; the rush 
is felt behind the ears with a kind of hissing noise, causing severe 
pain and blindness ; this passes off in a few seconds, leaving a gid- 
diness which lasts for several minutes. In our own case the rushing 
of blood was without pain, but attended with instant blindness, and 
then followed with giddiness. For months afierwartis a dimness 
remained as if a mist intervened between us and the objects looked 
at : it was always worse towards evening, when we grew very lan- 
guid and inclined to sleep. We rose comparatively well in the 
morning : yet were restless, our stomach was acid, visage pale, fea- 
tures sharp, eyes sunk in the head, and round them dark in colour : 
these effects were slowly developed. Our experience was nearly 
three years. 

We have been thus particular in detailing these effects,, as a warn- 
ing to all employed in the process ; but we have no doubt that in 
lofty rooms, airy and well ventilated, these effects would not be felt* 
Employers would do well to look to this matter j and amateurs, who 
only use a small solution in a tumbler, should not, as the custom 
sometimes is,, keep it in their bed-rooms ; the practice is decidedly 
dangerous. 

Praetlcal Snc^estfons In GUdliiff. — According to the amount of 
gold deposited, so will be its durability : a few grains will serve to 
give a gold colour to a very large surface, but it will not last : this 
proves, however, that the process may be used for the most inferior 
quality of gilding. Gold thinly laid upon silver will be of a U^ht 
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I'olour, f>ecaii8o of the property of gold to transmit light. The solu- 
tloii fur Kilfli'ifT silver nhould be made very hot, bat for copper it 
lihould be ut itH iniiiimum heat. A mere blush may be sufficient for 
iirtlrlvH not RubjVcteU to wear; bat on watch-cases, pencil-cases, 
rhiiitiH, Riiil the like, a ^ood coating should be giren. An ordinaiy 
Kix<Ml watch case should have from 20 grains to a pennyweight; a 
iiHTo colouring will be suflicient for the inside, but the outside 
should havo as nmrh as possible. A watch case thus gilt, for or- 
dinary wear, will last five or six years without becoming bare. We 
\u\\v known 8onio to Ik' in use full six years without losing their 
(Mvoring. Snmll sikcr chains, such as those sold at eight shillings, 
HhiMild havo V2 grains; )H.Mioil-cases, of ordinary size, should ha?e 
friMu W to ;» grains; a thimble from I to 2 grains. These sugges- 
X\\A\s will sorvc as a guide to amateur gUders, many of whom, hsT- 
iug impart ihI only a colour to their pencil-cases, feel chagrin sod 
diitappointnu'ut upon seeing them sj^eedily become bare: hence 
arises much of the obloquy thrown upon the process. 






rLTS OP EXPERIMENTS ON THE DEPOSITION 
OF OTHER METALS AS COATINGS. 



IK irltli Platinum, — This metal hns never yet been success- 

iposited as a protecting coating to other metals, A solution 

B made by dissolying it in a mixture of nitric and muriatic 

the same as is employed ia dissolviiig gold ; but heat must be 

3. The solution ia then evaporated to dryness, and to the 

dng mass is added a Eolation of cyanide of potassium ; Dcxt, 

be slightly heated for a short time, and then filtered. This 

_, evaporated, yields beautifnl crystals of cyanide of platinum 

pdtassinm ; but it is noiteceesary to crystalUze the salt. A very 

I battery power is required to deposit the metal : the solation 

lid be heated to 100". Great care must be taken to obtain a 

metallic deposit : indeed, the operator may not succeed once in 

ity times in getting more than a mere colouring of metal over 

surface, and that not very adhesive. The canses of the diffi- 

i are probably these : the platinnm used as an electrode is not 

upon ; the quantity of salt in solntion ia very little ; it requires 

'Icttlar battery strength to give a good deposit, and lie 

it rtrength beyond this gives a black deposit ; so that, were 

aper relations obtained, whenever there is any deposit, the 

IB of battery and solation are changed, and the black pnlveru- 

posit follows. 

liave occasionally succeeded in obtaining a bright metallic 

of platinum, poEsessuig the qualities of adhesion nnd dura- 

j; some ofthe articles thns covered presented no signs of change 

r many years : but we have never been so fortunate as to get a 

mum deposit that could protect any metal from the action of 

or otlier fluids by which the metal conld be affected. We 

■ ivered iron, such as the end of a glass-blower's blow-pipe, so 

conld be made red-hot without the iron rusting, but rather 

the characteristic appearance of platinum : but even that did 

it the iron from rnstin? when it was put a short time into 

kept exposed to moist air. We have seen again and 
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rtgjiin rocominendations of certain solutions of platinam for the pmr- 
pi)se of obtaiinn«r a reguline metal, and no doabt it has been ob- 
tainedy but, as stated above, we believe more incidentallj than st 
will. The protoxalate of platinam has been strongly recommended 
for covering copper and brass with platinum.* 

comttniT with Faiiadiiim. — Palladium is a metal very easily depo- 
sit od. The solution is prepared by dissolving the metal in nitro- 
muriatic acid, and eva]>orating the solution nearly to dryness; then 
adding cyanide of potassium till the whole is dissolved : the solation 
is then tiltored and ready for use. The cyanide of potassium holds 
A large quantity of this metal in solution, and the electrode is acted 
u})ou while the deposit is proceeding. Articles covered with tlus 
metal assume the appearance of the metal ; but so far as we are 
aware, it has not yet been applied to any practical purpose. It ] 
recpiires rather a thick deposit to protect metals from the action ci 
acids, which is, jirobably, the only use it can be applied to. { 

comtinff with xickeL — Nickel is very easily deposited ; and may ' 
be prepared for this puri>ose by dissolving it in nitric acid, then add- 
ing cyanide of potassium to precipitate the metal ; after which the 
precipitate is washeil and dissolved by the addition of more cyanide 
of iK>tassium. Or the nitrate solation may be precipitated by car- 
bonate of potash ; this should be well washed, and then dissolved in 
cyanide of potassium ; a proportion of carbonate of potash will be 
ill the solution. Avhieh we have not found to be detrimental. This 
hitter metliod of preparing the nickel plating solution is simple, and, 
iluTofore, has our recommendation. The metal is very easily depo- 
sited : it yields a colour approaching to silver, which is not liable to 
tarnish on exposure to the air. A coating of this metal would be 
very useful for covering common work such as gasaliers, and other 
gas-fittings, and even common plate. The great difficalty expe- 
rienced is to obtain a iK>sitive electrode : the metal is Tery difficult 
to fuse, and so brittle that we have never been able to obtain either 
a plate or a sheet of it. Could this difficulty be easily overcome, 
tl.o application of nickel to the coating of other metals wonld be 
extensive, and the propeny of not being liable to tarnish would 
luake it eminently useful for all generaT purposes. We coated 
articles with nickel in 1845, which were exposed to the air for many 
years without taniish, and when last seen bv the aathor exhibited 
ao oliauge, 

AntiaMMT. Anenir, TUi, Irmm L«mI, Blsnwtli, •■« CadMliiMr- 

A» e have dep^K^ittni these metals from their solaUons in cyanide of 
potassmm : but not for any useful application. 

■'^—^^'^ ^aj ^ ^^ry easily deposited from its sulpliate: ffis- 
soive a little cnrstalline sulphate of iron in water, and addafev 
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■b of sulphuric aeid to tlie solution : one pair of Sinee'a battery 
■be used to deposit the iron upon copper or brnsa. The metal 
■b pore state has a very bright and beautiful silver colour. 
Had. — Lead may be deposited from a solution of an acid salt, such 
Be acetate, but requires some management or strength of bat- 
K it may also be deposited from ils solution in potash or soda. 
fc uH l n lnai and SlUclum. — Since the publication of the former 
nn of this work, new methods have been discovered for obtaia- 
Bie base or metal of alumina and sihca, or clay aud sand, iu the 
Hlic state posBessing extraordinary properties. One of the 
■bds snccessfuUy adopted, is by fusing in a small crucible some 
Kde or fluoride of aluminjam, and when in fusion, inserting two 
^nralea in connection with a battery which reduces the sail, giv- 
Kball globules of the metal aluminium. 

Ktentpta hare also been made to deposit the metals from 
Bey BDoas solution as coating upon other metals in the usnal 
H We have not ourselves tried any experiments dpon these 
Be, but we take the following results of espeiimeuts from Mr 
■ore of Birmingham, who seems to have given the subject a good 
Kif attention : 

Bt has long been tinown to chemists that all kinds of clay, stone, 
Band, of which the earth is composed, consist of metals com- 
B with oxygen, carbonic acid, sulphuric acid, and other non- 
■Dic elements, forming therewith osides, carbonates, sulphates, 
m thas clay is an oxide of alamiiiium, sand on oxide of silicium, 
Hone a carbonate of calcinm ; but the separation of the metallic 
■'from the non-metallic elements ^vith which they are combined 
Beoi a matter of so great difficulty, tbat few chemists have put 
■Hires to the trouble of accomplishing it, aud those who have 
KfiO have made use of the most powerful means and reducing 
Ks, snch as large voltaic batteries, potassium, &c., aud have 
■pbtained them in a state of alloy or combination with mercnry. 
Humphrey Davy, the discoverer of most of tliese bases, in his ex- 
Heote on the decomposition of the alkalies and earths, used a 
Bful battery, consisting of 500 pairs of plates, and then suc- 
B3 in obtaining them combined with mercury, from which they 
B^erwards separated. Wohler and Berzelius, iu their disco- 
B of the means of separating the metals alamininm and silicium 
Btheir respective compoimds, clay and sand, used a high tem- 
Mttn and potassiimi, and tben succeeded in obtaining them iu 
B^^^oii °^ du!t metalhc powders, nearly infusible. 
Bjr s means recently discovered, aud described in the March num- 
B^tfae Philosophical Magazine for this year, I have succeeded in 
|pting the metals nbimininm from clay, aud silicium from sand- 
B^ftcli in a jierfect metallic condition, by dissolving yi\;ft-tla^. 
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common red sand, poanded stone, Ac., in various chemical liqmd^ 
ttJid passing currents of electricity from ordinary small Toltaic bair 
terics through the solutions. 

«' My attention has since been directed to produce simple proceaaeBi 
whert'by any person not possessing a knowledge of chemistry mj 
readily coat articles with those metals, and thus cause the discofeiy 
to be immediately applied to human benefit in Hie arta and bmhi- 
factures, and the following are the results of my experiments :— ^ 

" To coat articles of copper, brass, or German silver, with alofli- 
ninin, take ecjual measures of sulphuric acid and water, or take <»e 
measure each of sulphuric and hydrochloric acids and two measures 
of water ; add to the water a small quantity of pipe-clay, in the 
proportion of 5 or 10 grs. by weight to evenr ounce by measure of 
water (or ^ oz. to the pint) ; rub the clay with the water until 1^ 
two are perfectly mixed, then add the acid to the clay solution, and 
boil the mixture in a covered glass vessel one hour. Allow the tiqmd 
to settle, take the clear, supernatant solution, while hot, and im- 
merse in it an earthen porous cell, containing a mixture of one mea- 
sure of sulphuric acid and ten measures of water, together with a 
rod or plate of amaljjfamated zinc ; take a small Smeo's battery, of 
three or four pairs of plates, connected together intensity fashion, 
and connect its positive pole by a wire, with a piece of zinc in the 
porous cell. Having perfectly cleaned the surface of the article to 
be coated, connect it by a wire with the negative pole, of the bat- 
tery, and immerse it in the hot clay solution ; immediately abundance 
of gas will be evolved from the whole of the immersed surface of thi 
article, and in a few minutes, if the size of the article is adapted tc 
the quantity of the current of electricity passing through it, a fiw 
white deposit of aluminium will appear all over the surface. It maj 
then be taken out, washed quickly in clean water, and wiped dry 
and polished ; but if a thicker coating is required, it must be taker 
out when the deposit becomes dull in appearance, washed, dried 
polished, and re-immersed ; and this must be repeated at intervals 
as often as it becomes duU, until the required thickness is ob- 
tained. With small articles it is not absolutely necessary, eithei 
in this or the following process, that a separate baitery be employed 
as the article to be coated may be connected by a wire with a piea 
of zinc in the porous cell, and immersed in the outer liquid, wheu i 
will receive a deposit, but more slowly than whea a battery i 
employed. 

" To coat articles with silicium, take the following proportions 
three-quarters of an ounce, by measure, of hydrofluoric acid, J oz 
of hydrochloric acid, and 40 or 50 grs. either of precqMtated ailici 
or of fine white sand (the former dissolves most freely), and boil tk 
whole together for a few mmutes, until no more silica is dissolved 
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^^B this Bolation exactly in the same manner hr the clay solotion, 
^^■& fine white deposit of metallic eiticinm will be obtained, pro- 
^^K that the size of the article is adapted to the quantity of the 
^^Bric current : common red sand, or indeed any kind of Eilicioug 
^■^ finely powdered, may be naed in place of the white sand, and 
B'tth eqnal success, if it be previously boiled in hydrochloric acid, to 
remoTe the red oxide of iron or other impurities. 

"Both in depositing aluminium and silicium, it is necessary to well 
fntorate the acids with the solid ingredients by boiling, otherwise 
very little deposit of metal will be obtained, 

" Among the many esperiments I have made upon this snly'ect, 
tlie following are a, few of the most interesting : — 

^•Expfrimenl 1.— Boiled some pipe-clay in caustic potash and 
' .iter, ponred the clear part of the solution into a glass reasel, and 
iinersed in it a small earthen porous cell, containing dilute enlphn- 
:'■ acid and a piece of amalgamated zinc ; immersed a similar piece 
r bright sheet copper in the alkaline iiqnid, and connected it with 
li"? negatite pole of a small Smee'a baltery of three pairs of plates, 
■nnected the zinc plate with the positire pole, and let the whole 
liind nndistarbed all night; on examiuirig it next morning I found 
tlie piece of copper coated with a white silver-like deposit of metallic 
iilnmioiuin. 

" Experiment 2. — Obtained from a railway cntting in the town a 
Huall piece of the sand rock upon which Birmingham is built, boiled 
il in hydrochloric acid, to remove the red oxide of iron, washed it 
clean with water, and dissolving it by boiling in a mixture of hydro- 
llooric acid, nitric acid, and water ; immersed in this solution, a 
poTOUB cell with dilute acid and zinc, as before; coimectod a piece 
of brass with the zinc by a wire, and Ruspended it in the onter liquid, 
wliich was kept hot by a small spirit lamp beneath; after allowing 
tte artion to proceed several honrs, I found the piece of brass beau- 
"^h- coated with white metallic silicinm. 

t^Experimenl 3. — Took one part, by weight, of the Eame sand- 

fi aftflr betng pnrified by the hydrochloric acid, and 2^ parts of 

tUKte of potash, fused them together in a crucible unti all evol- 

t of gas ceased, aud a perfect glaes was formed ; ponred out 

i glass, and when cold, dissolved it in water, and nsed this 

a in the same manner as the former ones, allowing the action 

Bed about 12 Itours, when a good while deposit of metallic 

B obtained, 

ait 4, — Took some stones with which the streets of 

jfisra are macadamised, pounded them fine in a mortar, boiled 

Mwder in hydrochloric acid, to pnrify it from iron, washed it 

o water, and dissolved it by Ixiiling an excess of it in n mixture 

, by measure^ of hydrofluoric acid, ^ oz. of water, and ^ oz. 
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oaoh of nitric and hydrochloric acids, until no more would dissolTe; 
used the clear portion of this solution in the same manner as the 
former liquids, and readily coated in it a piece of brass with a beau- 
tifully white deposit either of aluminium or solicium. From these, 
and many other experiments which I have tried, it is qmte clear that 
common metal articles may be readily coated with white metals, 
]>osse8sing similar characters to silver, from solutions of the most 
common and abundant materials, and thus bring within the purchase 
of the poorer classes articles of taste and cleanliness which are at 
present only to be obtained by the comparatively wealthy." 

Tin. — Tin is easily deposited from a solution of protochloride of 
tin. If the two poles or electrodes be kept about two inches apart, 
a most beautiful phenomenon may be observed : the decomposition 
of the solution is so rapid that it shoots out from the negative elec- 
trode like tentacula, or feelers, towards the positive, which it readies 
in a few seconds : the space between the poles seems like a mass of 
crystallized threads, and the electric current passes through them 
without effecting further decomposition. So tender are these metal- 
lic threads, that when lifted out of the solution they fall upon the 
plate like cobweb. Seen through a glass, they exhibit a beantifiil 
crystalline structure. If a circular electrode of tin is used, and a 
small wire put in the centre of the chloride solution, the thread-li^ 
crystals will shoot out all round, and give qnite a metallic confervse. 
Tin may also be deposited from its solution in caustic potash or 
soda. 

Antimony. — In the deposition of antimony Mr Gore has ob- 
sorved a curious and interesting phenomenon, that the metal during 
its deposition, and after some has been deposited, explodes occasion- 
ally, the particles being thrown about by the shock. 

Deposition of Alloys. — Many attempts have been made to deposit 
alloys of metals from their solutions. That two or more metals 
can be deposited from a solution we have seen sufficient evidence: 
but the means to regulate the proportions of each, and to make 
such a process practical, have yet to be discovered. It is hardly 
possible to get a mixed solution of any two metals that are exactlj 
equally decomposable ; or, in other words, that the metals under 
the circumstances in which they are placed are exactly of eqaal 
conducting power: hence the electric current will always travd 
through the one that offers the least resistance, and there will be 
none of the other metallic solution decomposed, or metal deposited, 
until the quantity of electricity is greater than the best condnctiDg 
metal in the solution will allow to pass ; then the other metal will 
be deposited in proportion to the extra electrical power that passes. 
As, for example, take a mixture of cyanide of gold, silver, and 
copper, in cyanide of potassium. The sUver in this state is so mock 
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("ior in its comlucliD^ power to the other salts, tbat all the silver 
be deposited from the solutioii by a weak battery without any 
oi me other metals ; if the solntion be afterwards heated, and the 
battery power kept bo that no gas is alloweii to escape from the 
articles, the gold may be deposited withont any copper ; bnt if the 
gas is allowed to flow from the article receiving t!ia deposit, the 
copper will be deposited, and often more abundantly than the gold, 
as the escape of gas is not consistent with aregnline deposit of gold. 
We have thus deposited an alloy of gold and copper ; we have also 
deposited gold and silver, but the alloy was very inferior and 
irregular. Alloys can be obtained from silver and palladinra, from 
cyanide solutions, from zinc and copper, from a solution of their 
sulphates j but in no instance have we found good alloys, or alloys 
itiat could pass as such in name or appearance. We have seen 
articles, such as iron, covered with copper and zinc in this manner, 
or in alternate layers, and the articles iiaving the coating heated in 
charcoal, by which means a brass of fair appearance was obtained, 
bnt the process is attended with practical difficulty, aiid the pro- 
duct cannot be called deposited brass. 

Several patents have been taken out for the deposition of alloys 
of various sorts. The following by Morris and Johnson, embraces a 
wide range, and being well described, we will copy the specification: — 
" This invention consists in the employment of solutions composed 
"f cyanide of potassium and carbonate of ammonia, to which are 
i'ldert cyanides, carbonates, and other conipoundB of metals, in pro- 
; jrlions according to the amount of deposit required to be made. 

" In order that the invention may he fully understood and carried 
into effect, the patentees proceed to describe the means pursued by 
iliem as follows: — These improvements consist in the employment 
of solntiona composed of carbonate of ammonia (the carbonate of 
ammonia of commerce or the sesriui- carbon ate of ammonia of 
t^beraists) and cyanide of potassium, to which are added carbonates, 
cjaiiidcs, or other compounds of mefala, in various proportions, 
for the well-known alloy, brass, carbonate of ammonia and cyanide 
of potassium are used in the following proportions ; — viz., to each 
or every gallon of water are added 1 lb. of carbonate of ammonia, 
1 lb, of cyanide of potassium, 2 ozs. of cyanide of copper, and 1 oz. 
nf cyanide of zinc : these proportions may be varied to a consider- 
iiljle extent. Or the patentees take the before-named solntion of 
carhouate of ammonia and cyanide of potassium, in the proportion 
otl lb. of each to one gallon of water ; and they take a large sheet 
of brass of the desired quality, and make it the anode or positive 
electrode, in the aforesaid solution, of a powerful galvanic battery 
or magneto-electric machine, and a small piece of metal, and make 
it the cathode or negative electrode, from which hydrogen miKt ho 
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freely evohed. This operation is coDtiniied till the Bolotion hn 
taken up a sufficient ([uantitj of the brass to produce a regufino 
deposit. The solution may be used cold ; but it is desirable, in 
many cases, to heat it (according to the nature of the article or 
articles to be deposited upon) up to 212^ Fahr. For wrought or 
fancy work, about 15C Fahr. will gi?e excellent results. Tbe 
galvauic battery, or magneto-electric machine, must be capable of 
CTolving hydrogen freely from the cathode or negative electrode, or 
article attached thereto. It is preferred to have a large anode or 
positive electrode, as this favours the evolution of hydrogen. The 
article or articles, treated as before described, will immediatelj 
become coated with brass : by continuing the process any desired 
thickness may be obtained. Should the copper have a tendency to 
come down in a greater proportion than is desired, which may be 
known by the deposit assuming too red an appearance, it is cor* 
rected by the addition of carbonate of ammonia, or by a rednctioa 
of temperature, when the solution is heated. Should the zinc have 
a tendency to come down in too great a proportion, 'Which may be 
Fcen by the deposit being too pale in its appedrance, this is corrected 
by the addition of cyanide of potassium, or by an increase of tem- 
l)erature. 

^' The alloy, German silver, is deposited by means of a solntioQ 
consisting of carbonate of ammonia and cyanide of potassium (in 
the proportions previously given for the brass), and cyanides or 
other compounds of nickel, cop]>er, and zinc, in the requisite pro- 
l)ortions to constitute German silver ; it is, however, preferred to 
make the solution by means of the galvanic battery or magneto- 
electric machine, as above described for brass. Should the copper 
of the German silver come down in too great a proportion, this is 
corrected by adding carbonate of ammonia which brings down the 
zinc more freely ; and should it be necessary to bring down tbe 
copper in greater quantity, cyanide of potassium is added — socli 
treatment being similar to that of the brass before described. 

" The solutions for the alloys of gold, silver, and other alloys of 
metals, are made in the same manner as above stated, by employing 
anodes of the alloy or alloys to be deposited ; or by adding to the 
solutions the carbonates, cyanides or other compounds, in the pro- 
portions forming the various alloys: always using, in depositmg, an 
anode of the required alloy. These solutions are subject to the 
same treatment and control as those of the brass and German silver 
before described, 

" The patentees claim the combination of the carbonate of 
ammonia, before named, or other carbonates of ammonia and 
cyanide of potassium, as the mgredients for their solutions for 
depositing alloys of metals." 
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!BG expense of depositing; commoD metals wiU Temain a harrier 
be nse of electro- metallurgy m inakiug such alloys as brass, % 
sideration which some patentees do not seem to consider. We 
liave the following given as methods for mixing np solutions for de- 
pofiiting brass, which will prove oar position: — 

" Ag au illustration of this invention we take the patentee's method 
oF depositing a coating of brass by galvanic agency, in which he 
eaiploys the following: — 1. A solution of the double chloride of 
me and ammonia. — 2. A solution of the double chloride of zinc 
and potassium, — 3, A solution of the double chloride of zinc and 
sodiam. — 4, A solution of the double acetote of zinc and ammonia. 
— 5, A solution of the donble acetate of zinc and potassium. — C. 
A Boluiiou of the acetate of ziac and soda. — 7. A saturated solu- 
tion of carbonate of zinc, and carbonate of ammonia. — 8. A solu- 
tion of the double tartrate of zinc, and of potash, soda, or ammonia. 
(To one thousand parts of the solution of tartrate of zinc, indicat- 
ing three degrees on the salinometer, thirty parts of Iiydrochlorate 
of ammonia, and eighty parts of hydrochloric acid must be added.) 
— 9. A solution of citrate of zine rendered soluble by an excess of 
citric acid. — 10, A solution of tartrate of zinc in potash or soda, 
With each of the above solutions au analogous solution of copper 
uiDst be mixed in the proportion suitable for ohtaming the required 
depth of coionr." 

Besides tiie ordinary electro -metallnrgicnl operations, the public 
are from time to time told through the press that the process has 
heea applied to the extraction of metals from their ores, but on 
ciBmiuation the statement is iuvariably found to be incorrect, the 
metal being in all cases separated from the ore by means of an acid 
or acids, and the electro- metal lurgtcal operations not applied till 
lifter this separation takes place, so that its application is altogether 
apart from the extraction of the metal from the ore. Sach an op- 
lication for common metals is eommerdoUy absurd; and nothing can 
exhibit the want of practical application so much as some of the pa- 
li'iits taken out for this object. The greater number of these patents 
lire intended for copper ores, npon which we will offer a lew remarks. 
U will be seen from the principles of deposition, that, allowing the 
rapper was all in solution to be deposited by a battery, the cheapest 
form known will give the loss of one ton of zinc and sulphuric acid, 
lo get one ton of copper, which would be upwards of £20 for the 
materials destroyed, while a ton of copper may be smelted by the 
ordinary process for half that sum. We give the following extrart 
of a patent as an illustration, not because it is worse than others, 
but being more definite in its methods and battery than most of 
these patents, and the patentee an excellent electrician. 

"Air Andrew Crosse, of Broomfleld, the electrician, has just suect- 
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ficd his patent for improyements in the extraction of metals from 
their ores. The apparatus employed for this purpose consists of a 
wooden or earthenware yessel, capable of holding from 250 to 300 
qnarts, at a short distance above the bottom of which is a moTe- 
able platuium frame, covered with a netting of platinum wire, the 
meshes being about 1 in. each way. This frame is connected to the 
positive pole of a Darnell's battery by a platinum wire, covered 
with a non-conducting material throughout those parts of it ex- 
posed to the liquid in the vessel ; the negative pole of the batterj 
being connected to a copper wire, from which is suspended by three 
smaller wires, in the interior of the vessel, a bowl of wood lined 
with sheet copper, and covered with a copper wire nettmg. The 
battery in connection with the apparatus should consist of 20 pairs 
of plates, each in a gallon glass vessel, filled with a saturated soln- 
tion of sulphate of copper, to which has been added from l-20th to 
1-1 0th part of sulphuric acid. 

<' The mode of operating is as follows : — The vessel is partially 
filled with water acidulated with sulphuric acid; 230 quarts of 
water and 5 quarts of sulphuric acid being a convenient quantity. 
About 15 lbs. of the copper ore, previously calcined and reduced to 
powder, is then stirred into the liquid in the vessel and allowed to 
subside, after which the platinum frame is lowered on to the surface 
of the ore, and the copper-lined bowl suspended in its place, wheu , 
the electric current immediately begins to act ; but it is preferred 
to allow the ore to remain four or five days in the acidulated 
water before applying the electric current. The liquid, during the 
process, should be kept heated even as high as the boiling point, bj 
which the separation of the copper and its deposition in the bowl 
will be facilitated. The time occupied in effecting this is generally 
three or four days, when the whole of the copper is removed ; the 
acid liquid and sediment, which will contain any other metals that 
may have been present, are run out through a plug-hole in the 
bottom of the vessel. The sediment should be tested, to ascertain 
if it still contains any proportion of copper ; and if so, it can be 
mixed with fresh calcined ore, and again operated on ; the liquid 
does not require any fresh quantity of acid to be added to it during 
the process, and afterwards it may again be similarly used." 

Here we have 20 pairs of plates recommended to be used in the 
battery, making a destruction of 20 tons of zinc and acid for one ton 
copper, and taking four days to deposit. Twenty-one tons of 
copper per week would be but a small quantity of copper made, 
compared with smelting; and at the ordinary per centage of ore to 
get this, there will have to be operated upon 300 tons of ore, requir- 
ing acres of tanks, heated according to specification, independent 
of the furnace for calcining. Having got the ore calcined and free 
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of sulphur, it would be preferable to fuse it with carbonaceous mat- 
ters and get the copper direct. Notwithstanding the commercial 
absurdity of all these applications and patents, still there are several 
ingenious adaptations worthy of the attention of the electro-metal- 
lurgist as a study in his profession. 

DepfMition of Bronze. — The following solutions of different metals 
are given by Brunel, Bisson, and Gaugain, as being capable of 
giving a deposit of bronze : — 

50 parts Carbonate of Potash. 

2 " Chloride of Copper. 

4 " Sulphate of Zinc. 
25 " Nitrate of Ammonia. 

A bronze plate is used as the positive electrode. The deposit 
given by this solution has been seen by Becquerel, who mentions 
that it bears comparison with any ordinary bronze in appearance.) 
A solution of the above materials in water strikes the ear as 
somewhat hypothetical : that a mixed solution of copper and zinc 
will give, under certain conditions, a compound deposit we know, 
and also that, with a quantity of ether salts present, will give 
pecutiar tints of colour, a circumstance which may be obtained 
without a compound deposit. But the difficulty to be overcome is 
to proportion: the deposit of different metals, so that we may make 
up a solution and battery that will deposit either Muntz*s yellow 
metal, Stirling's yellow metal, gun metal, or common brass, at 
pleasure ; and that we may be able to produce compounds that are 
constant and unvarying: so that, for example, we could deposit 
silver or gold of the standard quality, all which, notwithstanding 
the many statements that have been made in print, have yet to" be 
discovered. 



We have thus given a brief review of the practical operations of 
Electro-Metallurgy for the guidance of the student, who as he pro- 
ceeds, will find that the difficulties which at first beset his path will 
gradually disappear : easier modifications of processes will suggest 
themselves, as all operators cannot with equal facility follow the 
same directions. New facts will reveal themselves to his inquiries ; 
a wide field of interesting and profitable research will open up 
before his mind ; and the steady and persevering experimenter and 
observer will not fail to reap an abundant harvest of honour and 
gratification, in being an instrument in promoting the knawledge of 
the working of the laws of Nature. 

1 Progress of General Science, vol. ii. 
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We have described at considerable lengtli the pratrtical details 
connected with the art of eleftro-raelallargy, withoat paasiag to in- 
ijuire into liie piiilosophy of the action of the electric cnrrents by 
which the effects are produced. Ii will be aniiecessary to enter into 
a long discDBsioD of the numerous theoriee that have been adrauced 
from time to time to explain the action lliat takes place iu a battery 
or decomposing cell, while the current is passing throogh the soJii- 
tion — a brief reference to the more commonly received opinions 
being safficient for the present purpoee. 

Action or Snlpbate of Copper on Iron. — In order to convey onr 
ideas acearateiy, let ns suppose that the solution undergoing decom- 
Ijosition is sulphate of copper. This salt ia composed of sulphuric 
acid and copper, which may bereiiresentedas SO*-}-Ca: these are 
held together according to the law of chemical affinity ; bnt if iron 
is put into the solution, the combination of the acid and copper wiU 
be dissolved by the attraction of the acid to the iron, for which it 
has a stronger affinity than for the copper. Heuce iron, put into 
Bulphate of copper, decomposes it thus : — 

Cu, SO* + Fe = Pe, SO* -)- Cn. 
Were we to pat a piece of copper into a solution of sulphate of copper, 
there would be no action, the forces being equal ; but if by any 
means we were to commnuicate to this piece of copper & higher 
attractive force for the SO* than that of the copper which ia already 
iu union with it, we should cause the acid to leave the copper it was 
originally combined with, and to combine with the new piece of 
copper. Bearing these general principles in view, we shall proceed 
to state the difl'ereut opiuious of authors on this subject. 

FaradarH Tbcory of Electroliala. — Professor Faraday says — 
" Passing to the consideration of electro- chemical decomposition, it 
appears to me that the effect is produced by an internal coijiuiCndBr 
action, excited according to the direction of the electric current, and 
liiftt it ia due to a force either sujieradded to, or ffiving Erection to, 
the oj-dmtny chemical affinity of the bodies present. The body m" ' 
decomposition {say sulphate of copper), may be considered a 
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wosa of acting particles, all tliose which are iiiclnded in the coarse 
of the electric current noutributiiis to the tiiial effect ; aud it is 
because the ordinary chemical affinity is relieved, weakened, or 
portly neutralized by the influence of tlie electric current in one 
direction parallel to the conrse of the latter, and strengthened or 
added to in the opposite direction, that the combining particles 
biTe a tendency to pass in opposite courses. 

"In this ?iew the effect is considered as essmtially dependent upon 
llie vaitual Aeinical aJimHj of the particles of opposite kind?. 
Particles aa could not be transferred or travel from one pole N, 
towards the other pole P, uoless 
they found particles of the opposite 
kind, bb^ ready to pass in tbe con- 
trary direction; for it ia by virtue 
■ ""- of t^eir increased sfSniCy for those 

BicleB, conjbined with their diminished affinity for sncih as are 
Kiud them in their course, that they arc urged forward. 

" I conceive tie eH'ects to arise from forces which are tnterrud, 
Illative to the matter under decom position, and not external, as they 
light be considered, if directly dependent npon the poles. I anp- 
ose that the elTects are due to a modification by the electric current 
f the chemical afBuity of the particles, through or by which that ■ 
iirrent is passiog, giving ttiem the power of acting more forcibly 
I one direction thun in another, and couseqaently making them 
■arel by a series of auecessive decompositions, in opposite directions, 
lid finally causing their expulsion or exclusion at the boandaries of 
le body under decom poHitioa, in tbe direction of the current, and 
laf in larger or smaller quantities, according as the current is more 
r less powerful."' 

In the above figure, the particles aa may be termed copper Cu, 
ad the particles &4, sulplrarie acid SO^, which will enaljle us to 
Upw the comparison of tbe difTerent vieus. 

KrkbBDi'H TbcDry af Biectmiysla. — Professor Graham supposes 
UL the compound particles, such as sulphate of copper, possess 
K^ polarity, so tliat the particles in the battery 

^ ^y'' \ or decomposition cell will stand in relation 
^*J ^^J^^*)^CVJ to each other in a polar chain, as in lig. 51. 
^■^ Ho then represents eleetrotypiug by the 

ft fil- porous cell system, as follows ; — 

"The liquids on either side of the porous division may also be 
lifferent, provided they have both a polar molecule. Thus, in 
g. 52, the polar chain is composed of molecules of hydrochloric 
"'1, extending from thu zinc to the porous division at n, and of 

^Faraday's Experimental Ewearchefl.TOl. i. yarugriiplis 616, oI'J, S2i. 
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moleeules of cli!orii3e of copper from a, to the copper plate, 
tbe CI of molecale 1 nnites with zinc, tlie H of that raolecnle unJB 
with the Ci of molecnle 2 (aa iudicated by the connecting bracket 
below) ; the H of molecule 2 with the CI of molecnle 3 ; the Cn of 
molecule 3 with the CI of molecule 4 ; and the Cu of this molecnjb 
being the last in the chain, is deposited upon the copper ptR 




Dilute sulphuric aeid in contact with an amalgamatecl zinc plate, and 
the eame acid fluid saturated with sulphate of copper in contact with 
the copper plate, are a combination of fluids of moat frequent appli- 
cation."' According to this theory, all the particles between ilie 
zinc and copper during the action of the batteries will be performing 
a whirling motion ; for, when the CI of molecnle 1 is liberated, the 
IT of 1 will combine the CI of 2, which compound molecule mnst 
whirl round to be in its proper polar position, which will necessitate 
"that interchange distinctly referred to by Professor Faraday — a 
mutual transfer of the elements ; the CI will pass towards the zinc 
plate, and the H and Cu towards the copper plate. 

nanleU')! and Mliler'i Views Theories varying little from these 

were held by the late Professor Daniell, till, by a series of interest- 
ing experiments, in company with Professor Miller, he found that 
there is no mutual transfer of the elements ; that the negative ele- 
ment, or that represented aboTe as C! or SO*, is transferred from 
the copper to the zinc, or in a decomposition cell from the negative 
electrode to the positive electrode : but the positive element — that 
represented by H or Cn— is not transferred ; therefore, the theories 
of Professors Faraday and Graham are opposed to a fundamental 
truth experimentally proved. Professors Daniell and Miller con- 
clude their paper, rend before the Royal Society, by the following 
observations ; — 

" These facts are, we believe, irreconcilable with any of the mole- 
cular hypotheses which have been hitherto imagined to account for 
the phenomena of electrolysis, nor have we any more satisfactory at 
present to substitute for them ; we shall therefore prefer leaving 
them to the elucidation of further invcBtigations to adding one mow 
to the already too numerous list of hasty generalizations."* 
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In this paper, the authors state that they found certain positive 
elements transferred in small proportions; thus, potassium from 
sulphate of potash in ^ of an equivalent; barium, from nitrate of 
barjtes, ^ equivalent ; and magnesium, from sulphate of magnesia, 
iV equivalent. This was a difficulty in forming any theory, but we 
have shown that this difficulty does not exist. 

In all cases where two liquids are separated by a porous dia- 
phragm, there is a mutual transfer of the liquids in distinct ratios, 
according to time, either by what is called endosmosis, or by a diflFu- 
sion ; and the rate of transfer is materially affected by a galvanic 
current passing through them. From observations and operations 
made on a large scale, and from experiments on various kinds of 
solutions, we believe that the fractional transfers of Professors 
Daniell and Miller are the results of endosmosis or diffusion, and 
not of electrolytic transfer. Accordmg to recent experiments by 
Professor Graham, diffusion takes place in definite proportions. 
We believe that no transfer of any base or positive element takes 
place by electrolysis. 

Proposed Tbeory- — Having carefully considered the various phe- 
nomena attending electrolysis, in the decomposition of metallic 
salts, we think that the electricity is conducted through the solu- 
tion by the base, or positive element, in the electrolyte, which it 
does as if it was a solid chain of particles — or wire. We have 
already said, that if to a solution of sulphate of copper we put a 
piece of iron, the acid in union with the copper will leave it and 
combine with the iron. If a piece of copper be put into the same 
solution, no change will take place ; but if we by any means give 
to this copper an increased tendency to unite with the acid, it will 
attract the acid from the copper in solution by virtue of this in- 
creased attraction. Suppose two wires coming from a battery are 




placed in a solution of sulphate of copper, thus, (fig. hZ)\ the double 
row representmg the compound atoms of sulphate of eQ^^^-t^Qns&sv?^ 
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the electrolyte : C C the copper or positive element, and SO* the 
sulpharic acid or negative element of the solution. The two single 
rows C C, &c., at each end of the double row, represent the wire 
or solid conductors of the electricity, from the battery to the decom- 
position cell : the last particle * of the single rows p n nearest the 
double row may be viewed as the electrodes. The sulphuric acid 
SO*, and the copper C, in solution, are held together by their affi- 
nity for each other. 

Now let it be supposed that an equivalent of electricity leaves the 
positive terminal of the battery P, and passes along the solid par- 
ticles of the conductor, that particle upon which the electricity is, 
must be for the time in a higher state of excitement than the other 
particles. When the electric current comes to the last particle of 
the solid chain p^ which is in contact with the electrolyte, its in- 
creased excitement causes it to attract and combine with the acid 
particle SO* nearest it ; the electricity being dynamic, passes to the 
first basic particle Cl, giving^ it an exalted excitement, which causes 
it to unite with the acid particle S0*2, the electric force passing to 
C2, which becomes excited in turn, and takes the particles SO*3 ; 
and so on through the chain till the last particle Co, which, having 
no further acid to combine with, gives its electricity to the solid con- 
ductor, or electrode n, and passes along to the battery, the particle 
05 being thus left adhering to the solid chain of particles, or 
electrode. 

By this we observe that every equivalent of decomposition will 
carry an equivalent. of acid to the positive electrode, without taking 
the metallic element to the other or opposite electrode. This is ex- 
actly the facts of the case, the result that takes place in all solutions 
undergoing decomposition by the current, and also in the battery 
between the zinc and copper. In these explanations we have spoken 
of electricity as a material substance, passing along the line, being 
more easily conceived than the theory of vibrations, &c. ; but the 
effects are the same, and we have seen no phenomena in electric de- 
composition which are inconsistent with the views here given. 
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Graham's theory of, 156 
Daniell's theory of, 166 
proposed theory of, 157 

Electrolyte, 24 

Electrotype, Spencer's first 



a 



{( 



upon, 7 



paper 



processes, 49 
Electrotypes from Daguerreotypes, 66 
Electrotyping, forms of apparatus 

for, 51 
Electrotyping leaves and ferns, 58 
Elements, different, of Batteries, 28 

" of Electrolytes, non-transfer of 
78 
Elkington's patent for silvering, 21 
Eisner upon Galvanic Soldering, 88 
Enamelling by Galvanism, 90 
Endosmosis of Solution, 167 
Engraved Copp^t tY^X^a, «.^yg^ Vsv^ qII>^'^ 
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Kograying by Oalyanism, 6 

Etching, experiment on, 1 3 

Evils by dipping articles partially 
coated with silver, 114 

Exciting Solutions for Batteries, com- 
parative value of, 52 

Experiments on Galvanic soldering, 
88. 

Ejtperimcnts upon Distance of Battery 
Plates, 27 

Fallacy of the compound-cell system, 
74 

Faraday's nomenclature, 23 
" Keport to Harbour of Refuge 

Commissioners, 106 
'* Theory of Electrolysis, 154 

Ferns, how to copy, 68 

Ferrocyauide of Copper, to make solu- 
tion, 98 

Figures, moulding of, 61 
" covering with copper, 62 
" and Busts, how made, 65 
" from Elastic Moulds, 66 

First printed description of Electro- 
metallurgy, 6 

Flowers, coating of, 65 

Forks and Spoons plated by Old Pro- 
cess, 129 

Fourcroy, 3 

Fusible Metal Moulds, 57 
from Plaster, 60 
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Galvanic Soldering, 88 
" protection of Metals, 100 
" Principles and rate of protection, 

106 
" Protection, none in air, 108 
" action between the Silver and 
Copper in Dipping, 119 
Galvanometers, 48 
Galvano Plastic Niello, 90 
German Silver, depositing of, 150 
Gilding in 1805, Brugnatelli's experi- 
ments, 3 
Gilding Electrotyped Daguerreotypes, 

67 
Gilding, Electro, 135 
" process of, 137 

how to regulate the colour of, 138 
by Mercury, 140 
practical suggestions on, 141 
Gilt Articles, colouring of, 139 
Glass and Porcelain, coating of, 87 

*• preparation of, for coating, 87 
Glyphography, 83 

" instruction in, 85 
Gold, reduction of, by phosphorus, 65 
" preparing Solution of, 135 

strength of Solution, now main- 
tained, 137 
« diMolring from gilt articles, 139 
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Gold, quantity necessary to deposit gd 

some articles, 142 
Gold Leaf, used as a conductor, 18 
Graham's, Prof., Nomenclature, 21 

" Theory of Electrolysis, 155 ^ 

Graham's Green Bronze, 93 
Grove's Battery, how constructed, 39 
•• •« properties of, 40 

" « defects of, 41 

Gutta Pcrcha Moulds, 57 

with Marine Glue, 58 
used as a vamisb, 87 
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Health, effects on, of the Mercury 
Gilding, 140 
•* of breathing cyanogen fmnes, 
140 
History of the Art of Electro-Metal- 
. lurgy, 1 
Historical Anomaly relative to the 

Discovery of the Art, 8 
Hyposulphite of Soda, preparation of, 
113 
" Silver Solution, 112 

Illustration of Conduction, 101 

Impurities in Sulphate of Copper, 49 
" Cyanide of Potassium, 97 

Influence of Galvanism in Protecting 
Metals, 106 

Instruction to Amateurs in Glypto- 
graphy, 86 

Intensity explained, 75 
" Table of relative Batteries, 76 

Iron, coated with copper, 95 
" preparation of, for coating, 99 
" action with sulphate of Cop- 
per, 95, 164 
" shaft covered with copper, 101 
** Wire drawn after coating, 102 
'' Bolts and Nails coated, and 

driven into wood, 102 
** Cast, coating with other metals, 

102 
" coated with Zinc, 104 
" Solution for dissolving Copper 

from Silver, 131 
" Gilding of, 137 

" coated with Platinum, 143 k 

" coating of other metals with, 144 

Jacobi's Experiments in Deposition, 6 
Jacobi's, Jordan's, and Spencer's re- 
spective claims to originality, 9 
Jordan's Experiments in Deposition, 6 

Kind of Solutions to be used for coat- 
ing metals, 96 

Lace covered with Copper, 81 
Lacquer for Plaster Moulds, 60 
Lax^^ Obi^cts^ deposition on, 64 ^ 
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Laws regulating depositions pointed 
out by Spencer, 12 

Laws of Deposition, 19 
" " claimed hy Smee, 20 

Laws to be observed in coating one 
metal with another, 95 

Lead Moulds, how prepared, 15 
" " from wood engraving, 16 

" as an element in Batteries, 30 
" Gilding upon, 137 
" Coating with, 144, 145 

Leather, depositing upon, for print- 
ing, 83 

Light, effects of, upon Silver Solutions, 
114 

Lines upon Surface of deposited Me- 
tal, cause of, 79, 121 

Loss of Weight by dipping, 119 

Machine for moving goods while being 

plated, 122, 123 
ilagneto-electric Machine, 45 

" improved, 45 
Maintaining Gold Solution of proper 

strength, 137 
Marine Glue, with Gutta Percha, 68 
Mason's application of Separate Bat- 
tery, 18 
Medal, preparation of, for depositing 

upon, 50 
Medals, Dead Silvering of, 133 
Mercury absorbed by Zinc, 26 

recoveiy from waste zincs, 

26,78 
dissolved in Nitric Acid, 116 
Gilding by means of, 140 
Metal Moulds, 63 

^letallic Veins, on the production of, 14 
Metals, properties of, fit for Batteries, 

29 
Metals, their Conducting Powers as 

affecting Deposit, 101 
Method of Working Cyanide of Cop- 
per Solution, 99 
Millward's Magneto Machine, 46 
Mitchell's Machine for Motion, 121 
Mixture for Colouring Gold, 139 
Mode of Suspending Electrotypes, 77 
Motion, machine for producing, 122 
Moulds in Lead, how prepared, 16 

" ftrom Wood Engrav- 
ings, 17 
directions for Making, 54 
substances for Making, 55 
Preparation of Wax for, 55 
to take, in Wax, 55 

" in Plaster of Paris, 56 
" »* in Fusible Metal, 57 

" ** in Gutta Percha, 57 

" OfWax, taken ft'om Plaster, 59 
of Fusible Alloy from Plaster, 
60 
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Moulds in Plaster from Plaster, 60 
** of Copper' from Plaster, 6(> 
" Kon-metalMc preparM' to re- 
ceive deposits, 62 
" Precautions necessary In put- 
ting them int>) solutionSj 64 
Moulding, elastic, how m^t^, 61 

" of Figures, 61 
Mounts, Silver, how made, 128 
Murray's, Robert, Discovery of the Use 

of Plumbago, 18 
Music, Printing of, 83 

Nature Printing, 59 
Negative Pole, 23 

Newton's Patent for coating Cast- 
iron, 102 
Nicholson's Experiments, 2 ^ 

Nickel, coating Metals with, 144 

" coating, use of,^ for gas pipes, 
&c., 144 L 

Nitric Acid for dipping (dipper's aqua- 
fortis), 116 
Nomenclature, 23 

Faraday's, 23 
Daniell's, 23 
Graham's, 24 
Non-adherence of Deposit, 102 
Non-metallic Moulds, preparation of, 

for Deposits, 62 
Non-transfer of Elements in Electro- 
lysis, 78 

Objections to Electro-plating, 130 
** Silver Articles made by 

Battery, 132 
" Electro-gilding, 139 

Observed Facts, use of, 4 
Odds-and-Ends Battery, cost of, 12 
Old Method of Gilding, 139 
" Plating, 128 

Opinions concerning Electro-Deposi- 
tion, 3 
Opposite Currents of Electricity from 

Vats, 124 
Ornaments, how made and applied to 

old plate, 128 
Overcoming resistance in Solution, 75 
Oxide of Silver, no 
Oxidized Silver, 133 

Palladium, coating with, 144 

Palmer's Glyphography, 83 

Partitions in Battery Troughs, 34 

Paterson, Dr Thomas, 67 

Patent for Electro Magneto Plating, 
45 
for Depositing Alloys, 149 
for Coating China and Glass,87 
for Extracting Copper from 
Ores, 161 

Patents fotlS»Vecxxo-TELe\.«KVMT5,'i\ 






^ Peculiarity In DepMltIng Copper from 
Cyanide SolntfoD, 99 

PeDoU Caae, gold required to gild, 
142 

Fhospbonu Solution for reducing Gold 
and Silver, 65 

W!e, Chemical Dec ompoai lion by, 2 . 

Pilch Preparation for pcotBcting Cop- 
per from DepoBic, 132 

Plaster of Paris, coated with Cupper, 
17 



Printing by Glyph oimipby, 8S 

Process of Gilding, 137 

''mpeniea of Metiils fit for Balterlei, 



Qnallly of tiagneto MocliineB, 47 
Quality of Metal regulated by Battery, 

123, lis 
QaHQtIty of CTRnide of Potassium to. 

^"" --ices of Silver, 



PIttliniiing Silver, 43 

Plfltlnode, 24 

Platinum as an Element In Batteries, 

80 
PIfltinnm, Coating with, 143 
PlatinutD, Nitro Muriate, 43 
" Solutions of, 143 
Plating, Electro, 100 

" Solation, liow prepared, 109 
" Practical Instructions in, 117 
•' in large ftw^ories, 117 
" Metals best aull«d for, 127 
" Old Method, 128 
Plumbago as a conductiug Medium, 

discoTereii, 18 
Poles, Positive and Negative, deflued, 

34 
Porcelain covered wiih Copper, 87 
Porous Cell, Depositions on, 39 
Porous Cells, bow preserved, 39 
Porous Yessel aad DtspliragiD, 61 
Position of Electrotypes ia Solutions, 

77 
Positive Pole, 23 

Fotasb, Sulpblte, Iiow prepared, 113 
Potassium, Cyanide of, mode of pre- 
paring it, 96 
" cost of making, 97 
Practical Instructians in Plating, 317 
>' Obiectloua to Solid Devo»ii, 132 i 
" Snggeations on Gilding, 141 
Precautions on putting Moulds into 8o- 

Preparution of Non-Metallic Moulds 
for receiving deposit, GS 

" Glyphotj-pes, Bi 

" Transfer Paper, 85 

" Silver, J09 

'• Articles for Platinfr, 115 

" Soiutionsof Gold, 135 
Preventing Electrotypes adhering, 15 
Principles of Galvanic Protection, iOfi 
Printing, difBcnlties experienced in 

Sreparing ptates for, 12 
nting by Electrotype Plates, pro- 
posed hy Spencer, 1 ii, 1 6 
Pdntiag br Electrotypea, 83 
Printing of Leather by Electrolypea.Ba 
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Quantity of Metals deposited, how 

icnown, 119 
Quantity of Nitric Acid to illBBOlve 100 - 
ices of Silver, 110 

Rate of depositing Silver, 126 '' 
Recovery of Gold from Solntions, 139 
Recovery of Silver from Solution, 114 
itegnlating of the Colour of Gilillng, 

138 
Belnlive Intensity of Batteries, TS 
Relative Power of Batteries, B9 
Removing of Grease or Oil from 

Metals, 100 
Reptiles, Mouldiog of. 59 
Realstance, eifects on deposits, SB, T4 
Retorts, coating of, oTiiection to, 84 

Rollers for Printing, 82 
Rosin and Wax Moulds, 56 

Sal Ammoniac, solutiou of, for Bat- 
teries, 53 
Salt, solution of, for Batteries, 3 
Salts of Cyanide of Copper and Petftt- 

sium, 97 ^^ 

Sand Qsed for Scouring, IIS ^^M 

Sandy Deposit, 61 .^^H 

electricity f^om, I^^^H 
Scratoh Bmsliej, 116 <^H 

Sea-weeds, how to copy, 58 JiH 

Shaw's Manual of Electro-Metallaray, ' 

21 
Ships, Sheathing of, how destroyed, lOB ' 
Single cell, IS 

" esperimenta with, 49 

Single Pair of I'latea, 24 



solutions for Plating, 109, 110, 

111, 112 
dissolved In acids, 109, 110 >■ 

Oxide of, dissolved in Cyanide 

of Potassium, no 
Chloride of, dissolved in Cya- 
nide of Potassium, 111 
Hyposnlphlte Solntton, IIS 
lecQVerQd from Solutions, 114 
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Silrer, curions alloy of, 115 

'^ hardness of, effected by Battery, 
116 

** Monnts in the old process, 129 
" articles made by Battery, 131 
** solution for making solid arti- 
cles, 181 
** made by Electrotype, objections 

to, 132 
" protection of. in Air, 134 
** cleaning of, 134 
Silrering, dead, upon Medals, 133 
Size of Electrodes, 69 
Smee's Adyice to Capitalists, 72 

*' Claims to the original discovery 
of the laws of Electro-Deposition, 19 
Smee*s Battery, how constructed 42 
" " modifications of, 43 

" " properties of, 43 

" " compound, 44 

Soda, Hyposulphite, preparation of, 

112 
Soldering by Deposition, 88 
V Solid Silyer articles made by Battery, 
131 
Solutions for Battery, how often 
changed, 53 
" different density of, 79 
I- ^* Silver, best method of making, 
111 
" for Amateurs, 112 
; ** best sort, for depositing solid 
silver, 131 
" of Gold, preparation of, 136 
« by Acid, 135 
** by Battery, 136 
** of Aluminium, 146 
*» of Silicium, 146 
». " for deposition of Alloys, 148 
Sources of Defects in Batteries, 25 
Spencer and De la Rive's failure in 

gUding, 9Q 
Spencer, his first Experiments, 5 

" his first paper upon Electro- 
typing, 8 
" effects of it when first pub- 
lished, 8 
" Jacobi's and Jordan's claims, 

9 
" manipulations for Electro- 
types, 9 
" first Electrotype, 14 
Stearine for Moulds^ 61 
Stereotyping in Copper by Electrotype, 
16 
^ Stripping Silver from Copper, 120 

" Gold from Gilt articles. 139 
Sturgeon's Art of Electrotjrping, 21 
Sabstitute for Silver in Smee's Bat- 
tery, 43 
Sulphate of Copper, impurities, 49 
^ " Zinc for Batteries, 53 



Sulphate of Zinc, solution for Coatine, 

105 * . 

" action upon Iron, 154 
Sulphate of Copper and Cyanide of 

Potassium, mixed, 97 
Sulphite of Silver Solution, 113 

" Potash, preparation of, 113 
Sulphuret of Carbon, used for bright 

plating, 127 
Sulphuric Acid for Batteries, 53 
Sulphurous Acid, how prepared, 114 
Suspending Electrotypes, mode of, 77, 

Sustaining Battery, 36 

Table of experiments upon Amalgama- 
tion, 3 
" of Exciting Solutions for Bat- 
teries, 53 
" Relative Intensity of Batteries, 

77 
" Test of Free Cyanide of Potas- 
*sium in Solutions, 125 
Table Covers, gilt, 81 
Taking Silver from Copper, 120 
Testing Cyanide of Potassium in Gold 

Solution, 137 
Tests for Cyanide of Potassium, 1^ 
Thenard, 3 

Theoretical Observations, 154 
Theory of Electrolysis proposed, 157 V''' 
Thimble, Gold required to Gild, 142 v 
Time taken by different Batteries to , 

deposit 1 lb. of Copper, 70 
Tin, Gilding upon, 137 '' 

" depositing of, 144 
" solutions of, 148 
" ConfervoB, phenomenon of, 148 
Transfer-paper, preparation of, 85 
Transfer of Solutions, 156 
Transfer of Elements of Electrolyte, 
166 

Unequal Action upon Electrodes, 138 

Use of Metal Moulds, 63 

" Intensity Batteries, 75 ». . 

" Zinc Coating for Iron, 105 

" Dipping in Nitrate of Mercury, 

Uses of Observed Facts, 5 

Van Mons, 3 

Vauquelln, 3 

Veins, Metallic, 14 

Volta's Discovery, 1 

Voltaic Pile, how constructed, 1 

Walker's Manipulations, 26 ^. 

Waste Zinc, recovery of Mercury fh>m, 
73 I 

Watch Case Gilt, how much Gold re- 
quired, 142 

Wax, to prepare for Moulds^ 55 
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Wax to take Moulds in, 55 

" and Rosin, 56 
"Wax Moulds taken from Plaster 

Models, 59 
Weight of Silver deposited, how as- 
certained, 1 19 
" loss of, by dipping, 119 
Wire, Iron, Coated, 100 
Wollaston's Experiments on Galvan- 
ism, 4 
Wollaston's Battery, 32 

" " modification, 33 

" and Earth Battery com- 

pared, 46 
Woolrich's Magneto Electric Machine, 

45 
Works published upon Electro-Metal- 
lurgy, 21 



Yellow Prosslate of Potash, used for 
dissolving Cyanide of Silver, 110 

ZIncode, proposed term, 24 

Zincous and Chlorous, 24 

Zinc, how to amal^mate plates of, 25 
best sort for Batteries, 26 ^ 
reduced in Battery, 35 ^"^ 

how often the plates should be 

amalgamated, 53 
Sulphate solution of, for Bat- 
teries, 53 
recovery of Mercury from, 73 
solution of, for Coating Iron, 104 
deposit of, on Black Lead, 103 
use of a coating of, 105 

Zinced Iron, Dr Faraday's opinion of, 
106 
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SHAKSPEARE'S WORKS, 

EDITED AND ANNOTATED BY THE 

REV. ALEXANDER DYCE. 

New Edition, thoroughly Revised. 
From the Quarterly Beview. 

' A minute examination has satisfieti us that this is the best text of Shakspeare which has yet 
been given to the world. Though our great dramatist never had an editor more careful than 
Mr. Pyce, there is no edition of his works, the product of original reflection and research, in 
which the labour bestowed tipon it is put forward with so Utile ostentation. I^ot a single knot 
of comment breaks the thread of the poet's argument. We find, on examination, that a rare 
skill has been spent in the endeavour to set down Shakspeare's words with the least possible 
inaccuracy ; but there is no suggestion of the vast amount of thought and rea<iiiig by wliich the 
result has been attiuned. Over his own course the hero moves without impediment. He is the 
knight, his editor the squire, who has spent many an hour in rubbing time-spots from the polished 
shield. But he does not, therefore, on every occasion demand attention to the leather and the 
brick»du8t. Nothing diverts attention from the poet's ideas to a discussion of his words \mtil 
each play having been read to the end, we are at leisure to consider the verbal questions that 
arise out of it. The notes then given are few, brief, and to the point. 

' Mr. Dyce has succeeded in a department where so many have failed. He unites, indeed, the 

necessary qualifications in a singular degree. He is an admirable classical scholar, is deeply 

read in Elizabethan literature, has a fine ear for metre, and a strong sense of poetic beauty. His 

industry Is on a par with his accomplishments. Any one may settle a text of Shakspeare as 

good, or better, than is to be found in the majority of editions, with the same rapidiiy that he 

reads. But to settle a text which will bear the investigation of poetic students, not only requires 

a rare familiarity with the language and customs of Shakspeare's day, but an amount of thought 

which few could continue through a single play. The taste, knowledge, and reflection which are 

embodied in these volumes can only be api)reciated by persons who have trod the same paths, 

and who know that almost every -pagie raises questions which require not only hours of present 

meditation, but years of past reading to solve. No prejudices have interfered with the free 

exercise of Mr. Dyce's powers. He is not the partisan of quartos or folios, or printed readings or 

conjectural emendations. He is the partisan of sense and of poetry. The inclination of his mind 

is doubtless against innovation, and we believe that he might with advantage have revised some 

passages with a bolder hand ; but over-caution, as we have already intimated, is preferable to 

rashness in the instances where there is much to be said on both sides. This, at least, is beyond 

doubt, that we have nev.^r possessed so admirable a text of Shakspeare before ; and we would 

suggest to the thoupands of people who are always inquiring for something interesting to read, 

that they should read again the works of the monarch of literature, and read him in the edition 

of Mr. Dyce.* 
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the close of the Eighteenth Century. With Notes, Memoirs, and Index. 2s. Bd. 

POETICAL WORKS OF SIR THOMAS WYATT. With Notes and 

Memoirs. 2s. Bd. 

POETICAL WORKS OP JOHN OLDHAM. With Memoir and Notes. 
2s. Bd. 

POETICAL WORKS OF EDMUND WALLER. With Memoir and 
Notes. 2s. Bd. 

POETICAL WORKS OF GEOFFREY CHAUCER. With Memoir, 
Introduction, Notes, and Glossary. Eight vols. 20s. 

POETICAL WORKS OF JAMES THOMSON. With Memoir and Notes. 
Two vols. &s. 

POEMS OF WILLIAM SHAKSPEARE. With Memoir and Notes. 

2s. Bd. 

POETICAL WORKS OF SAMUEL BUTLER. With Memou- and Notes. 
Three vols. Is. Bd. 

POETICAL WORKS OF ROBERT GREENE AND CHBISTOPHEB 

MARLOWE. With Memoir and Notes. 2s. Bd, 

EARLY BALLADS. Illustrative of History, Traditions, and Customs. 
With Introduction and Notes. 2s. Bd. 

ANCIENT POEMS, BALLADS, and SONGS OF THE PEASANTBY 
OF ENGLAND. With Introduction and Notes. 2s. Bd. 

POETICAL WORKS OF BEN JONSON. With Memoir and Notes. 2s. 6i. 



Td he followed by — 

POPE'S POETICAL WORKS. I SPENSER'S POETICAL WORKS. 

MILTON'S POETICAL WORKS. HERBERT'S POETICAL WOKKS. 



STATlOS'BliS' HALL COUIiT. 



I.ORD BROUGHAM'S WOKKS. 



ETCHES of STATESMEN" of the EEIQN of QEOHOE IH^J 
ITATTJRAIi THEOIiOQT; comprlBlng a, Disoourse of ITatiu 

' Theoldgy, DialogqqB oD Inailncl, and IJJsacrwlluns on tUc Mtruoturc ut Ihc Cells ■ '■ 
~ !il Oalmlugj. Po6t8vo, ai. duth. 

BTOBICAI. and IiITEBAJt,? DISSERTATION'S and AS-l 

jrlsing Discijurie uf Auduut miHiucim -Lijn] It.'clur'e Addrcs— Khrmiial4 
1 Uie KdicburKh Ueviuw— aud llleuiursea of llie OIil^^^:^, P] 



HTSTORICAL and POLITICAL DISSERTATIONS ; oom^ I 

I prtaiog BdlfiDcp of Fawer— Foreign Pulley and KelaEluns-Wdr MeoBiired - I'cnul Li?^i^Uga ^ 
I — Ecvuluiiuna— RprVirai-Hlglitof " ■ ■ ■ " 



iHE BRITISH CONSTITUTIOH', ita Structure, PunctionB, 



TRACTS, MATHEMATICAL and PHYSICAL. Second EdI-) 



GRIKFIN, BOHN, AKD COMPANT, 



WILLIAM COBBETT. 

I. 

ENGLISH SPELIilJS'a BOOK: with Progressive Beading 

Le&sons, Fables, &c. 1?dio. Is. cloth. 

II. 

ENaijISH GBAMMAB,: intended for the Use of Schools and 

of Young Persons in general. Fcap. 8vo. 2s. cloth. 

111. 

FRENCH ailA]V9 M AB ; or. Plain Instructions for the Iiearning 

of French. Fcap. 8vc. 3s. 6d. cloth. 

IV. 

ADVICE to YOUNG MEN, and (incidentally) to Young "Women 

in the Higher and Middle Ranlcs of Life. Fcap. 8vo. 2s. Qd. cloth. 

CHAKLES KNIGHT. 

I. 

KNOWTjEDGE IS POWER: a View of the Productive Forces 

of Modem Society, and the Results of Labour, Capital, and Skill. Second Edition. Crown 
8vo. 5s. cloth. 

II. 

ONCE UPON A TIME : Sketches of Transition from the Past 

to the Present. Crown 8vo. 5s. cloth. 

III. 

THE OLD PRINTER and the MODERN PRESS : a Treatise 

on the Progress of Literature. Fcap. 8vo. 3s. &d. cloth. 

IV. 

SHAKSPERE'S DRAMATIC WORKS: the Stratford Edition. 

If ew Edition. 6 vols. Fcap. 8vo. 2Is. cloth. 



PKOFESSOE CKAIK. 



I. 

THE PURSUIT of KNOWTjEDGE UNDER DIPPICUIiTIES. 

New Edition, revised and enlarged. Crown 8vo., cloth. ' 

II. 

THE WRITINGS and PHILOSOPHY of LORD BACON. 

New Edition, revised. Small 8vo. 3s. 6d. cloth. 

HI. 

A MANUAL of ENGLISH LITERATURE and of the HIS- 

TORY of the ENGLISH LANGUAGE, fl:om the Norman Conquest. For the use of 
Students. Crown 8vo. 7s. Qd. doth. 

IV. 

A HISTORY of ENGLISH LITERATURE and of the 

ENGLISH LANGUAGE, from the Norman Conquest. With numerous Esuunples. 2 vols. 
8T0. 24s. cloth. 



STATIONEKS' HALL COORT. 

PKOFESSOR EADIE. 

I ASAIiTTICAL CONCOKDABfCE TO THE HOLY 80^P-i 

ajndpala Mif ludes. Third EdiUon, teviaed. I'oat 6yo. Bf. Bit doth. 

BIBLICAIi CTCIiOF.S!IlIA ; or, Dictionary of Eastorn Anti- J 
CLASSIFIEI) BIBIiE : a complete AnalyeiB of the Holy Bcilp' 



EOCTLESIASTICAL C YCLOP.MDI A ; or, Diotlonary of Chri»- J 

mtJung, lloclrtiiei, atctBtnenu. Hereslea, UULoryi Rlt«i. Liturglea, MoniallD (>^~- ' 
mnlHn JndulBm. Second Edition. Fi»t gvo, U). ad. dotb. 

REV. FEEDEEICK DENISON MAUEICE, M.A. 



Edltiun. Crann 8V 



aa — Buethlus— Jiiilln 



TMTR nTmvAr. FHUjOSOFHY, comprieing BoetMuB— Erigena— 

Ijuirronc-Ansean— Aljclard— I'elM- Ihe Lombard— A Iborlus MugmiB-Thoinos Aquinaa— 



lie — Boasuut— Bpino; 

liii— Cuniin— Sle*-- ' -- " '- 



PROFESSOR FARADAY. 

IiBCTUILEB on the CHEMICAL HISTORY of a CANDLE. 



LECTURES on the VARIOUS EOBCES of MATTEH, ami- 

tlit'lr RfUOau bi aub ottau. IMIvered to ■ Jnvenllo AudlEnix at tlie ' ' ' 
WUb Bmaemiu iUuitraUmu. Tbird liWtloD. Fcsp.afo. 31. (kl. clutb. 



I 



« GRIFFIN, BOHN, AND COMPANY, 

OEIVERAJL. TTOI^ICS of REFERCENOE, 

I. 
THE BOOK OF DATES; 

Or, treasury of UNIVERSAL REFERENCE: 

COMFRISIKO 
A SUMMARY OF THE PRINCIPAL EVENTS IN ALL AGES, FROM THE EARLIEST 

RECORDS TO THE PRESENT TIME. 

By I. M'Buraoy, LL.D. and Samuel Neil. 
New Edition, 8vo., Is. 6d., Antique Binding. 

CYCLOPAEDIA OF UNIVERSAL BIOGRAPHY; 

EMBRACnCO 

A SERIES OF ORIGINAL MEMOIRS 

OF THE MOST DISTINGUISHED PERSONS OF ALL TIMES. 

By numerous Contributors. 
Tliird Edition, 8vo., 10s. 6d., Cloth. 

in. 
THE RANK AND TALENT OF THE TIME ; 

GONTAINnrO 
ONE THOUSAND INTERESTING AND ACCURATE MEMOIRS OF EMINENT 

LIVING INDIVIDUALS. 

By numerous Contributors. 
New Edition, 8vo., 6<., Antique Binding. 

IV. 

A GENERAL GAZETTEER; 

Or, dictionary: OF DESCRIPTIVE AND PHYSICAL GEOGRAPHY, 

COMPILED FROM THE MOST RECENT AUTHORITIES. 

By James Bryce, LL.D., F.G.S. 

Tliird Edition, Svo., ss. 6d., Cloth. 

MANY THOUGHTS OF MANY MINDS ; 

BEING 

A TREASURY OF REFERENCE, 

COKSISTIKa OP 
SELECTIONS FROM THE WRITINGS OF THE MOST CELEBRATED AUTHORS. 

By Henry Southgate. 
Third Edition, 8vo., 12s. 6d., Elegantly Bound. 

THE vocabulary' OF PHILOSOPHY ; 

MO^UAL, MENTAL, AND METAPHYSICAL. 

By William Fleming, D.D. 

Professor of Moral Philosophy in the University of Glasgow. 

Second Edition, Foolscap Svo., 7s. 6d., ('loth. 



STATIONERS' HALL COURT. 



I. 
THE TREASUEY OF SCIENCE ; 

A POPULAR CTCLOP-ffilDIA OP THE NATURAL AND PHYSICAL SCIENCES. 

By Professors Schoedler and Medlock. 
New Edition, Post 8vo., Is. 6(1., Cloth. 

n. 
DICTIONARY OF CHEMISTRY, 

PRACTICAL AND THEORETICAL, 

IN(JLUD1N0 THE APPLICATIONS OP THE SCIENCE TO THE ARTS, MINERALOGY, 

AND PHYSIOLOGY. 

By Robert D. Thomson, M.D., F.R.S., &c. 

Second Edition, Post 8vo^ 8s. 6d., Cloth. 

in. 
CYCLOPAEDIA OP THE PHYSICAL SCIENCES, 

COMPBISING 
ACOUSTICS, ASTRONOMY, DYNAMICS, ELECTRICITY, HEAT, HYDRODYN.\MICS, 
MAGNETISM, PHILOSOPHY OP MATHEMATICS, METEOROLOGY, OPTICS, ' 

PNEUMATICS, STATICS. 

By Professor Nichol, LL.D. 
Second Edition, 8vo., 21«., Cloth. 

IV. 

DICTIONARY OF NATURAL HISTORY, 

CX)MPRISING BOTANY, CONCHOLOGY, ENTOMOLOGY, GEOLOGY, MINERALOGY, 

PALAEONTOLOGY, AND ZOOLOGY. 

By William Baird, M.D., F.L.S. 

New Edition, 8vo., 10*. 6d., Cloth. 

V. 

DICTIONARY OF DOMESTIC MEDICINE 

AND 

HOUSEHOLD SURGERY. 

By Spenser Thomson, M.D., L.R.C.S., Edin. 

Eighth Edition, Post 8vo., ?«., Cloth. 

VI. 

DICTIONARY OF PRACTICAL RECEIPTS 

IN EVERY DEPARTMENT OP 

TRADK, SCIENCE, AND ART. 

By William Tegetmeier. 
One Volume, Post 8vo., Cloth. 



8 GRIFFIN, BOHN, AND COMPANY, STATIONERS' HALL -COURT. 

ENCYCLOPEDIA METROPOLITANA. 

NEW AND REVISED EDITION. 
Vol. Handsomely printed in a Series of Cabinet VoIameA. Crown 8 vo. 

1.— METHOD S. T. Coleridge. 2s. 

2.— UNlVEliSAL GRAMMAR Sir J. Stoddart, LL.D. 5s. 

3. — LOGIC Archbishop Wiiately. Ss. 

4.— RHETORIC Archbishop Whately. 3s. 6r/. 

5.— EARLY CHRISTIANITY Bishop Hinds. 6». 

6.— POLITICAL ECONOMY Nassau W. Senior, M.A. 4«. 

7.--HIST0RY OF THE JEWS Archdeacon Hale. 2s. 6d. 

8.— SACRED HISTORY and BIOGRAPHY... Dh. Cox. 6«. 

9.— GREEK LITERATURE Sir T. N.Talfoord,&c. 7*. 6r/. 

10.-ANCIENT PHILOSOPHY Rev. F. D. Maorice, M.A. bs. 

11.— UNIVERSAL HISTORY Sir J. Stoddart, LL.D. 5s. 

12.— ROMAN ANTIQUITIES Professor Ramsay. 8s. 6d. 

13.— BOTANY Professor Balfour. 12s. 6ci. 

14.— ELECTRO-METALLURGY James Napier, F.C.S. 3s. 6d. 

15.— EARLY HISTORY OF GREECE Sir T. N. Talfodrd, &c. 9s. 

16.— PHOTOGRAPHY Robert Hunt, F.R.S. 6«. 

17._VETERINARY art W. C. Spooner. a*. 

18.— EARLY ORIENTAL HISTORY Professor Eadie, D.D. 8s. 

19.— HISTORY op the ROMAN REPUBLIC... Dr. Arnold, &c. 8«. 6^. 

20.— BIBLICAL ANTIQUITIES Dr. Cox. 7». 6rf. 

21.— METALLURGY J. A. Phillips, F.C.S. 12«. 6d. 

22.— CHURCH HISTORY. Second Division ... Professor Jeremie. 4«. 

23.— HISTORY of GREECE & MACEDONIA. Dean Lyall, &c. 8s. 

24.— ROMAN LITERATURE Dr. Arnold, &c. 7s. 6d. 

25.— HISTORY OF THE ROMAN EMPIRE... Dr. Arnold, &c. lOs. 6d. 

26.— DECLINE AND FALL OF ROME Bishop Russel, &c. lOs. ed. 

27.— GREEK AND ROMAN PHILOSOPHY... Bishop Blow field, &c. -is. 

^^ (THE PHILOSOPHY OF THE FIRST1„ „ T^ xr i.c » « .., 

28.— < gj^ CENTURIES f Rev. F.D.Maurice, M.A. 3s Grf 

29.— HISTORY of the OTTOMAN EMPIRE. Colonel Procter, &c. 7s. 6rf. 

"30.— TRIGONOMETRY Prof. Airy, F.R.S. 2s. 6d. 

31.-OCCULT SCIENCES Rev. E. Smedley, &c. 6.v. 

32.— GEOLOGY Prof. Phillips, F.R.S. I2s. Od. 

33.— CHURCH HISTORY. Third Division. ... Rev. J. B.Carwithen,B.D. 5s. 
34._CHRONOLOGICAL TABLES. Div. L ... I. M»Burney, LL.D. .5«. 
35.— CHRONOLOGICAL TABLES. Div. II.... Samuel Neil. 5s. 

36.— MEDIEVAL PHILOSOPHY Rev. F. D. Maurice, M.A. 5s. 

87.-PRACTICE OF MEDICINE Professor Aitken. 1.5s. 

38.— GLOSSOLOGY..... Sir John Stoddart. 7s. 6d. 

39.— APPLIED MECHANICS Professor Rankine. 12s. 6rf. 

40.- CHURCH HISTORY. Fourth Division ... Bishop Hampden, &c. 7s. 6rf. 

(THE LAW OF NATIONS Archer Polson, M.A. \ 

*^""1 and diplomacy T. H. Horne, B.D. T** ^^• 

42.— THE STEAM-ENGINE Professor Rankine. 12s. Qd. 

43.-CIVIL ENGINEERING Professor Rankine. 16s. 

44.- MODERN PHILOSOPHY Rev.F.D. Maurice, MA. I Os6d 

45. -ENGLISH LITERATURE Prof. Craik, LL.D. 7». 6rf. 



1 Si Frnnce, theelectio-plutine i" ragnlotod 
^)y luw, ttni^ maaufaotwifS beln^ retfnired to 
ieigh eacB arHole whoQ ready ftir plaiJog in 
Ibe pi*cMnoB,pC ft pomptioUei appoiuted by the 
GoveTumeu^ 10^ to import the Bune actioles 
for -weigUoH^At, n-hen tiie jdoting htte beea 
done. InfBis wnj^lie comptroHei- shows to 
the ti-acliou of a, (troja the amooat of the pre- 
oiouB metal thut £ns been ndrlDd, ancL pate his 
murk npon the wrttes accordinglj, bq that 
every piUohasev may know at a. glauos just, 
vhat he iB bi^i:^ 

Ah to thfi amtmnt of silTet conEnmod in or- 
dinary plating, a word: An oniioe and a half 
of tulverwijl give to a sttrfaoe a foot square, a 
coating SB tMck as corOiiKjai ■ writiiig paiwr. 
And railqeiSili'et' is worth $1 2C per oonje, tha 
Talue of tna'BirTer covering a footsqnare would^ 
ie about: $1 BT. At this rate BVrell-plated. ten-' 
' pot ox MBeA-pot JBptBtedalawwt in dlv«r of 
not more Ihnn thaa $1 50 to *3. The other 
eippuwrt, including tabOT, would hardly W 
mi^ro tlian half that amount. 

Eli'ctro-gildiiig in done in like mrtniioT. Thn 
fiold in diflfiolveiT iu iiiltic-livUrooholotio m' ' 
mm hod with boiling nllric (leiiT iihfl IliPfi dlrf 
e<i wifcU cfihiined nuiRur-«iiv Tll(^ finM !■ 

Cosilwl iu the fomi of on oiiilt^ whtnli, ntU-r fl 
pisg.wadted in boiling riittinncid, k dW^ltfii jf 



■llinjt M OAmiHiwrt I 



^1 Jte — <^ " 

I Nbw- Mwinm cHf Br ,Bf .THO-n iTrso.— A 
I new in'etliod of eloctro-plsfiog is annoiinced 
1^ W. Well, a Freuiih oliBHiiHt, which, if it 
beu Ui(^ to»l of )]raetiM,iij cfTliijch value. The 
btttbg lie ii»iiU>]rti r«n*liit or meUtiic uUts or 
.osidcH in dlkalino BolntinnH hyIn^a^B of tar- 
taric add, ghrerine, Wbnmm, nr nthar sub- 
etancai, wUcn prarent tlie precl^t^tioQ of the 
oxide 1^ the fixed alkali, in bi>iuc caittn with, 
and in others willuMit tho aid of aine cr lead, 
and at various leiupewtiirt*, accntdioj; to cir- 
cavstanvt'i!. He cMrna, aleo, to be able, hy 
llktiiMan^, in giro vatiet}- ut cglor to arliales 
covered with copper, b/ ius jiraoere, M. Wi^ 
SBJB tbftt the niDsh importAnt application of 
bis discovery is the depoBit nf capper and the 
broutln^ of iron (cast aa woll as trionght) and 
StMl, without the gjrepanibaj dretniagd with 
cimducling; Kabstsnces, whicharen'^ceaaary !□ 
IBOceeding accortinc to the ordinary nifltboJa 
faefbve the nhjct-t Is placed In the bath nad 
sabnitt«d to j<idraala sctioa. Iron and b>«s1 
thna ciMiiad with copper may, sa^e M. Wull, 
be aft^rwsrdB nlvereil or iiiiji«lized hy bit 




